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S  I  R, 

AS  heaven  has  inlpired  yoiir  RoYal 
FIigh  NESS  with  fuch  love  of  in-^ 
genious  and  ufeful  arts,  that  you  not 
only  ftudy  their  theory,  but  have  often 
condefcended  to  honour  the  profelTors 
of  mechanical  and  experimental  philo- 
fophy  with  your  prefence  and  particular 
favour ;  I  am  thereby  encouraged  to 
lay  myfelf  and  the  following  work  at 

A  2  your 


DEDICATION. 

your  Royal  Highnefs’s  feet :  and  at  the 
fame  time  beg  leave  to  exprefs  that  ve¬ 
neration  with  which  I  am. 


S  I  R, 

Your  Ro  YAL  Highness’s 
Moft  obliged. 

And  moft  obedient. 
Humble  Servant, 


James  Fergufoo, 


P  R  E  F  A  C 


TTVER  ftnce  the  days  of  the  Lord  Chan- 
.jTLs  cell  or  Bacon,  natural  philofophy  hath  been 
more  and  more  cultivated  in  England,  That 
great  genius  firjl  Jet  out  with  taking  a  general  furvey 
of  all  the  natural  fciences^  dividing  them  into  difiinB 
branches^  which  he  enumerated  with  great  exaBnefs  ; 
he- enquired  fcrupuloufy  into  the  degree  of  knowledge 
already  attained  to  in  each^  and  drew  up  a  lif  of 
what  fill  remained  to  he  difcovered :  this  was  the 
fcope  of  his  firft  undertaking.  Afterward  he  carried 
his  views  much  farther^  and  Jhewed  the  necejfity  of  an 
experimental  philofophy^  a  thing  never  before  thought 
of.  As  he  was  a  profejfed  enemy  to  fyflems^  he  con^ 
fidered  philofophy  no  other  wife  than  as  that  part  of 
knowledge  which  contributes  to  make  men  better  and 
happier :  he  feems  to  limit  it  to  the  knowledge  of 
things  ufeful^  recommending  above  all  the  ftudy  of  na- 
ture,  and Jhewing  that  no  progrefs  can  be  made  there^- 
in^  but  by  colleBing  faEis^  and  comparing  experiments^ 
of  which  he  points  out  a  great  number  proper  to  be 
made. 

But  notwithftanding  the  true^  path  to  fcience  was 
thus  exaEtly  marked  out^  the  old  notions  of  the  fchools 
fo  firongly  poffeffed  Peoples's  minds  at  that  time,  as  not 
to  be  eradicated  by  any  new  opinions,  how  rationally 
foever  advanced,  until  the  illnftrious  Mr,  Boyle, 
the  firft  who  purfued  Lord  Bacon’j  plan,  began  to 
put  experiments  in  praEiice  with  an  ajjiduity  equal 
to  his  great  talents.  Next,  the  Royal  Society 
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PREFACE. 

ielng  efiahlijhedy  th^  true  philofophy  began  to  he  th§ 
reigning  tafte  of  the  age^  and  continues  fo  to  this 
day, 

^he  immortal  Isaac  Newton  inftftedy  even 
in  his  early  yearSy  that  it  was  high  time  to  banifo 
*vague  conj  enures  and  hypo  the fes  from  natural  philo- 
fophyy  and  to  bring  that  fcience  under  an  entire  fuh- 
je^ion  to  experiments  and  geometry.  He  frequently 
called  it  the  experimental  philofophy,  fo  as  to  ex~ 
prefs  Jignific ant ly  the  difference  between,  it  and  the  num- 
herlefs  fyftems  which  had  arifen  merely  out  of  the  conceits 
of  inventive  brains  :  the  one  fubfifting  no  longer  than 
the  fpirit  of  novelty  lafts  ;  the  other  never  failing 
whilft  the  nature  of  things  remains  unchanged. 

*The  method  of  teaching  and  laying  the  foundation 
of  phyficSy  by  exhibiting  public  courfes  of  experiment Sy 
was  jirfl  undertaken  in  this  kingdom ^  I  helievey  by 
Dr.  John  Keill,  and  fince  improved  and  enlarged 
h'y  Mr,  Hauksbee,  Dr.  Desaguliers,  Mr, 
Whiston,  Mr,  Cotes,  Afr.  Whiteside,  and 
Dr. Bradley  ourprefent  Regius  and  Savilianprofeffor 
of  Aftronomy.  Nor  has  the  fame  been  neglehled  in 
other  countries :  Dr.  James,  and  Dr,  David  Gre¬ 
gory,  Sir  Robert  Stewart,  a.nd  after  him  Mr.,. 
Maclaurin,  in  Scotland-,  Dr.  Helsham  in  Ire- 
land^  Meffieurs  s’Gravesande  and  Muschen- 
BROEK  in  Holland,  and  the  Abbe^  Nollet  in 
France,  have  acquired  juft  applaufe  thereby. 

Fhe  fubftance  of  my  own  attempts  in  this  way 
of  inftrumental  inftrutlioHy  the  following  fheets  ('  ex-, 
clujive  of  the  aftronomical  part )  will  fhew  :  the  fa- 
tisfatlion  they  have  generally  given,  read  as  lectures 

to 
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to  different  audiences^  affords  me  feme  hope  that  they 
W'dy  be  favourably  Received  in  the  fame  form  by  the 
public, 

I  ought  to  obferve,  that  though  the  four  laft  lee-- 
iures  cannot  be  properly  faid  to  concern  experimental 
philofophy^  I  confidered  however  that  they  were  not 
of  fo  different  a  clafs,  hut  that  they  mighty  without 
much  impropriety y  be  fubjoined  to  the  preceding  ones,, 
My  apparatus  (part  of  which  is  deferibed  here^ 
and  the  refi  in  a  former  work)  is  rather  ffmple  than 
magnificent  \  which  is  owing  to  a  particular  point  1 
had  in  view  at  firji  fetting  out^  namely,,  to  avoid  all 
:  fiiperfluity^  and  to  render  every  thing  as  plain  and  in¬ 
telligible  as  I  could, 

‘  *  JJtronomy  explained  upon  Sir  Isaac  Newton’/  principles,  and 

made  eafy  to  thoje  ^ho  not  Jludied  mathematics, 

~  ^  ~  ~  ~  ~  J  X  I  -  -  --  • 

ERRATA, 

Pago  35,  line  8,  for  wa-  read  <wsc..  Page  42.  1.  20,  dele  only, 
page  1 1 7,  1.  15  from  the  bottom,  three  read  fix.  Page 
147,  1.  3  and  5  from  the  bottom, /or  0.785339  rtW  0.785399. 
Page  200,  1.  I.  for  VIII  read  VII.  Page  21 1,  1.  19,  for  ABE 
Tea.d  aBE,  Page  212,  I.  16,  for  eh  read  eB.  Page  213,  1.  n 
fiFom  the  bottom,  for  IkH  read  UK.  Page  216,  1.  5,  for  mer- 
d/cus  read  inenifci^s.  Page  265?  1.  13.  for  plane  read  place. 
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L  E  C  T.  I. 

Of  matter  and  its  properties, 

AS  the  defign  of  the  hrft  part  of  this  courfe  is 
to  explain  and  demonftrate  thofe  laws  by 
which  the  material  univerfe  is  governed, 
regulated,  and  continued  •,  and  by  which  the  va¬ 
rious  appearances  in  nature  are  accounted  for ;  it 
is  requifite  to  begin  with  explaining  the  properties 
of  matter. 

By  the  word  matter  is  here  meant  every  thing  Matter, 
that  has  length,  breadth,  and  thicknefs,  and  refills ’ 
the  touch. 

The  inherent  properties  of  matter  are  folidity.  Its  proper- 
inadlivity,  mobility,  and  divifibility. 

The  folidity  of  miatter  arifes  from  its  having  Solidity, 
length,  breadth,  thicknefs,  and  being  impenetra¬ 
ble.  Hence  it  is  that  all  bodies  are  comprehended 
under  fome  lhape  or  other,  and  that  every  parti¬ 
cular  body  hinders  all  others  from  occupying  the 
fame  part  of  fpace  which  it  poffelTeth,  Thus,  if 
a  piece  of  wood  or  metal  be  fqueez’d  ever  fo  hard 
between  two  plates,  they  cannot  be  brought  into 
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Of  the  properties  of  matter, 

conta6l.  And  even  water  or  air  has  this  property  % 
for  if  a  fmall  quantity  of  it  be  fixed  between  any 
other  bodies,  they  cannot  be  brought  to  touch  one 
another. 

A  fecond  property  of  matter  is  ma^ivity^  or 
fajfivenefs  %  by  which  it  always  endeavours  to  con¬ 
tinue  in  the  ftate  that  it  is  in,  whether  of  red:  or 
motion.  And  therefore,  if  one  body  confid;  of 
twice  or  thrice  as  much  matter  as  another  body, 
it  will  have  twice  or  thrice  as  much  inaclivity ; 
that  is,  it  will  require  twice  or  thrice  as  much  force 
to  give  it  an  equal  degree  of  motion,  or  to  flop  it 
after  it  hath  been  put  into  fuch  a  motion. 

That  matter  can  never  put  icfelf  into  motion  is 
allowed  by  all  men.  For  they  fee  that  a  ftone,  ly¬ 
ing  on  the  plane  furface  of  the  earth,  never  re¬ 
moves  itfelt  from  that  place,  nor  does  any  one 
irnagine  it  ever  can.  But  moil  people  are  apt  to 
believe  that  all  matter  has  a  propenfity  to  fall  from 
a  (late  of  motion  into  a  date  of  red:  *,  becaufe  they 
fee  that  if  a  done  or  a  cannon-ball  be  put  into  ever 
fo  violent  a  motion,  it  foon  flops ;  not  confidering 
that  this  doppage  is  can  fed  i.  by  the  gravity  or 
weight  of  the  body,  which  dinks  it  to  the  ground 
in  fpite  of  the  impulfe  ;  and  2.  by  the  refidance 
of  the  air  through  which  it  moves,  and  by  which 
ks  velocity  is  retarded  every  moment  till  it  fails. 

'  A  bowl  moves  but  a  diort  way  upon  a  bowling- 
green  beeaufe  the  roughnefs  and  unevennefs  of 
the  gralTy  furface  foon  creates  fritlion  enough  to 
flop  it.  But  if  the  green  w^ere  perfedlly  level,  ,and 
covered  with  poliflied  glafs;  and  the  bowl  perfedliy 

hard, 
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hard,  round,  and  fmooth,  it  would  go  a  great  way 
further  ;  as  it  would  have  nothing  but  the  air  to 
refill  it :  if  then  the  air  were  taken  away,  the  bowl 
would  go  on  without  any  friction,  and  confequently 
without  any  diminution  of  the  velocity  it  had  at 
fetting  Qut  :  and  therefore,  if  the  green  were  ex¬ 
tended  quite  round  the  earth,  the  bowl  would  go 
on  for  ever. 

If  the  bowl  were  carried  feveral  miles  above  the 
earth,  and  there  projected  in  a  horizontal  diredlion, 
with  fuch  a  velocity  as  would  make  it  move  more 
than  a  femidiameter  of  the  earth,  in  the  time  it 
would  take  to  fall  to  the  earth  by  gravity ;  in  that 
>  cafe,  and  if  there  were  no  refilling  medium  in  the 
way,  the  bowl  would  not  fall  to  the  earth  at  all ; 
but  would  continue  to  circulate  round  it,  keeping 
always  in  the  fame  tradl,  and  returning  to  the  fame 
point  from  which  it  was  projedted,  with  the  fame 
velocity  as  at  firft.  In  this  manner  the  moon 
moves  round  the  earth,  although  Ihe  be  as  unadlive 
and  dead  as  any  Hone  upon  it. 

The  third  property  of  vmxxtY  is  mobility for  we  Mobility, 
find  that  all  matter  is  capable  of  being  moved,  if 
a  fufficient  degree  of  force  be  applied  to  overcome 
'  its  refinance. 

The  fourth  property  of  matter  is  divifibility^  ofJpivlfibf« 
which  there  can  be  no  end.  For,  fince  matter  can^^^' 
never  be  annihilated  by  cutting  or  breaking,  we 
can  never  imagine  it  to  be  cut  into  fuch  fmall  par¬ 
ticles,  but  that  if  one  of  them  be  laid  on  a  table,  the 
uppermoll  fide  of  it  will  be  further  from  the  table  ‘ 
than  the  undermoil  fide.  Moreover  it  would  be  abfurd 
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to  fay  that  the  greateft  mountain  on  earth  has  more 
halves,  quarters,  or  tenth  parts,  than  the  fmalleft 
particle  of  matter  has. 

We  have  many  furprifing  inilances  of  the  fmall- 
nefs  to  which  matter  can  be  divided  by  art :  of 
which  the  two  following  are  very  remarkable. 

1.  If  a  pound  of  filver  be  fufed  v/ith  a  Tingle 
grain  of  gold,  the  gold  will  be  equally  diffufed 
through  the  whole  filver,  fo  that  taking  pne  grain 
from  any  part  of  the  mafs  (in  which  there  can  be 
no  more  than  the  5760th  part  of  a  grain  of  gold) 
and  diffolving  it  in  aquafortis^  that  quantity  of  gold 
will  fall  to  the  bottom. 

2.  The  gold-beaters  can  extend  a  grain  of  gold 
into  a  leaf  containing  50  fquare  inches  ;  and  this 
leaf  may  be  divided  into  500000  parts.  For  an 
inch  in  length  can  be  divided  into  100  parts,  every 
one  of  which  will  be  vifible  to  the  naked  eye  :  con- 
fequently  a  fquare  inch  can  be  divided  into  10000 
parts,  and  50  fquare  inches  into  500000.  And  if 
one  of  thefe  parts  be  viewed  with  a  microfcope  that 
magnifies  the  diameter  of  an  objedt  only  10  times, 
it  will  magnify  the  area  100  times  \  and  then  the 
looth  part  of  a  500000th  part  of  a  grain  (that  is 
the  50  millionth  part)  will  be  vifible.  Such  leaves 
are  commonly  ufed  in  gilding  *,  and  they  are  fo 
very  thin,  that  if  124500  of  them  w'ere  laid  upon 
one  another,  and  prelTed  together,  they  would  not 
exceed  one  inch  in  thicknefs. 

Yet  all  this  is  nothing  in  comparifon  of  the 
lengths  that  nature  goes  in  the  divifion  of  matter. 
For  Mr.  I .eewenhoek  tells  us,  that  there  are  more 
..  animals 
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Of  the  properties  of  matter. 

animals  in  the  milt  of  a  Tingle  cod-fifh,  than  there 
are  men  upon  the  whole  earth  :  and  that,  by  com¬ 
paring  thefe  animals  in  a  microfcope  with  grains  of 
common  fand,  it  appeared  that  one  fingle  grain  is 
bigger  than  four  millions  of  them.  Now,  each 
animal  muft  have  a  heart,  arteries,  veins,  mufcles, 
and  nerves,  otherwife  they  could  neither  live  nor 
move.  How  inconceivably  fmall  then  muft  the 
particles  of  their  blood  be,  to  circulate  through 
the  fmalleft  ramifications  and  joinings  of  their  ar¬ 
teries  and  veins  It  has  been  found  by  calculation, 
that  a  particle  of  their  blood  muft  be  as  much 
fmaller  than  a  globe  of  the  tenth  part  of  an  inch 
in  diameter,  as  that  globe  is  fmaller  than  the  whole 
earth !  and  yet,  if  thefe  particles  be  compared  with 
the  particles  of  light,  they  will  be  found  to  exceed 
them  as  much  in  bulk  as  mountains  do  fingle  grains 
of  fand.  For,  the  force  of  any  body  ftriking 
againft  an  obftacle  is  diredlly  in  proportion  to  its 
quantity  of  matter  multiplied  into  its  velocity  :  and 
fince  the  velocity  of  the  particles  of  light  is  demon- 
ftrated  to  be  at  leaft  a  million  of  times  greater  than 
the  velocity  of  a  cannon-ball,  it  is  plain,  that  if  a 
million  of  thefe  particles  were  as  big  as  a  fingle 
grain  of  fand,  we  durft  no  more  open  our  eyes  to 
the  light,  than  we  durft  expofe  them  to  fand  £hoc 
point-blank  from  a,  cannon. 

That  matter  is  infinitely  divifible  in  a  mathe-pkte 
matical  fenfe,  is  eafy  to  be  d^monftrated.  For, 
let  AB  be  the  length  of  a  particle  to  be  divided ; 
and  let  it  be  touched  at  oppofite  ends  by  the  pa¬ 
rallel  lines  QO  and^F,.  which,  fuppofe  to  be  in- 

B  3  finitely 


6 

The  m- 
finite  divi- 
iibility  of 
jnatter  pro¬ 
ved. 


Attrafllon 


Coliefion, 
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finitely  extended  beyond  D  and  F.  Set  off  the 
equal  divifions  BG^  GH^  &c.  on  the  line 

EF^  towards  the  right  hand  from  and  take  a 
point  as  at  any  where  towards  the  left  hand  from 
Ay  in  the  line  CD:  Then,  from  this  point,  draw 
the  right  lines  DC,  RHy  D/,  &c.  each  of  which 
will  cut  off  a  part  from  the  particle  AB.  But  af¬ 
ter  any  finite  number  of  fuch  lines  are  drav/n,  there 
will  Hill  remain  a  part  zs  A P  at  the  top  of  the 
particle,  which  can  never  be  cut  off-,  becaufe  the 
lines  DR  and  EF  being  parallel,  no  line  can  ever 
be  drawn  from  the  point  R  to  any  point  of  the  line 
EF  that  will  coincide  with  the  line  DD.  There¬ 
fore  the  particle  AB  contains  more  than  any  finite 
number  of  parts. 

A  fifth  property  of  matter  is  attraEiioriy  which 
feems  rather  to  be  infufed  than  inherent.  Of  this 
the^e  are  four  kinds,  viz.  coheftoriy  gravitatisny 
magnetifm^  and  eleFcriclty, 

The  attraction  of  coheft  on  is  that  by  which  the 
fmall  parts  of  matter  are  made  to  ftick  and  cohere 
together.  Of  this  we  have  feveral  inftances,  fome 
of  which  follow. 

I.  If  a  fmall  glafs  tube,  open  at  both  ends,  be 
dipt  in  water,  the  water  will  rife  up  in  the  tube  to 
a  confiderable  height  above  its  level  in  the  bafon  : 
w’hich  muft  be  owing  to  the  attraction  of  a  ring 
of  particles  of  the  glafs  all  around  the  tube,  im¬ 
mediately  above  thofe  to  which  the  water  at  any 
inftant  rifes.  And  when  it  has  rifen  fo  high  that 
the  w'cfght  of  the  column  balances  the  attradlion 
of  the  tube,  it  rifes  no  higher.  This  can  be  no 
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ways  owing  to  the  prefTure  of  the  air  upon  the  wa¬ 
ter  in  the  bafon  ;  for,  as  the  tube  is  open  at  top, 
it  is  full  of  air  above  the  water,  which  will  prefs  as 
much  upon  the  water  in  the  tube  as  the  neighbouring 
air  does  upon  any  column  of  an  equal  diameter  fn  the 
bafon.  Bcfides,  if  the  fame  experiment  be  made 
in  the  exhaufted  receiver  of  an  air-pump,  there 
will  be  found  no  difference. 

2.  A  piece  of  loaf  fugar  will  draw  up  a  fluid, 
and  a  fpunge  will  fuck  in  water  :  and  on  the  fame 
principle  fap  afcends  in  trees. 

3.  If  two  drops  of  quickfflver  be  placed  near 
each  other,  they  will  run  together  and  become  one 
large  drop. 

4.  If  two  pieces  of  lead  be  fcraped  clean,  and 
prelfed  together  with  a  twifl:,  they  will  attradl  each 
other  fo  ftrongly  as  to  require  a  force  much  greater 
than  their  own  weight  to  feparate  them.  And  this 
cannot  be  owing  to  the  preflTure  of  the  air,  for  the 
fame'  thing  will  hold  in  an  exhaufted  receiver. 

5.  If  two  polifhed  plates  of  marble  or  brafs 
be  put  together,  with  a  little  oil  between  them  to 
fill  up  the  pores  in  their  furfaces,  and  prevent  the 
lodgment  of  any  air ;  they  will  cohere  fo  ftrongly, 
even  if  fufpended  in  an  exhaufted  receiver,  that 
the  weight  of  the  lower  plate  will  not  be  able  to 
feparate  it  from  the  upper  one.  In  putting  thefe 
plates  together,  the  one  Ihould  be  rubbed  upon  the 
other,  as  a  joiner  does  two  pieces  of  wood  when  he 
glues  them. 

6.  If  two  pieces  of  cork,  equal  in  weight,  be 
put  near  each  other  in  a  bafon  of  water,  they  will 
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move  equally  fall:  toward  each  other  with  an  acce¬ 
lerated  motion, 'until  they  meet:  and  then,  if  ei¬ 
ther  of  them  be  moved,  it  will  draw  the  other 
after  it.  If  two  corks  of  unequal  weights  be  placed 
near  each  other,  they  will  approach  with  accelerated 
velocities  inverfely  proportionate  to  their  weights : 
that  is,  the  lighter  cork  will  move  as  much  fafter 
than  the  heavier,  as  the  heavier  exceeds  the  lighter 
in  weight.  This  fhews  that  the  attradfion  of  each 
cork  is  in  diredt  proportion  to  its  weight  or  quan¬ 
tity  of  matter. 

This  kind  of  attradfion  reaches  but  to  a  very 
fmall  didance  ;  for,  if  two  drops  of  quickfilver  be 
rolled  in  dull,  they  will  not  run  together,  becaufe 
the  particles  of  dull  keeps  them  out  of  the  fphere 
of  each  other’s  attradion, 

Kspulfioii.  Where  the  fphere  of  attradion  ends,  a  repulfive 
force  begins  ;  thus,  water  repels  mod  bodies  till 
they  are  wet;  and  hence  it  is  that  a  fmall  needle, 
if  dry,  fwims  upon  water  ;  and  flies  walk  upon  it 
without  wetting  their  teet. 

The  repelling  force  of  the  particles  of  a  fluid  is 
But  fmall ;  and  therefore,  if  a  fluid  be  divided,  it 
eaiily  unites  again.  But  if  glafs,  or  any  other 
hard  fubflance  be  broke  into  fmall  parts,  they  can¬ 
not  be  made  to  flick  together  again  without  being 
lirfl  wetted :  the  repulflon  being  too  great  to  admit 
of  a  re~union. 

The  repelling  force  between  water  and  oil  is  fo 
great,  that  w'e  And  it  almoft  impofTible  to  mix  them 
fo  as  not  to  feparate  again.  If  a  ball  of  light 
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wood  be  dipt  in  oil,  and  then  put  into  water,  the 
water  will  recede  fo  as  to  form  a  channel  of  fome 
depth  all  around  the  ball. 

The  repulfive  force  of  the  particles  of  air  is  fo 
great,  that  they  can  never  be  brought  fo  near  to¬ 
gether  by  condenfation  as  to  make  them  ftick  or 
cohere.  Hence  it  is,  that  when  the  weight  of  the 
incumbent  atmofphere  is  taken  off  from,  any  fmall 
quantity  of  air,  that  quantity  will  diffufe  itfelf  fo 
as  to  occupy  (in  comparifon)  an  infinitely  greater 
portion  of  fpace  than  it  did  before. 

Attra^Aon  of  gravitation  is  that  power  by  which 
diftant  bodies  tend  towards  one  another.  Of  this 
we  have  daily  inffances  in  the  falling  of  bodies  to 
the  earth.  By  this  power  in  the  earth  it  is,  that 
bodies,  on  whatever  fide,  fall  in  lines  perpendicular 
to  its  furface  *,  and  confequently,  on  oppofite  fides, 
they  fall  in  oppofite  diredlions ;  all  towards  the 
center,  where  the  force  of  gravity  is  as  it  were  ac¬ 
cumulated  :  and  by  this  power  it  is,  that  bodies  on 
the  earth’s  furface  are  kept  to  it  on  all  fides,  fo 
that  they  cannot  fall  from  it.  And  as  it  adls  upon 
all  bodies  in  proportion  to  their  refpedlive  quanti¬ 
ties  of  matter,  without  any  regard  to  their  bulks 
or  figures,  it  accordingly  conftitutes  their  weight. 
Hence, 

If  two  bodies  which  contain  equal  quantities  of 
matter,  were  placed  at  ever  fo  great  a  diftance  from 
one  another,  and  then  left  at  liberty  in  free  fpace ; 
if  there  were  no  other  bodies  in  the  univerfe  to 
affedf  them,  they  would  fall  equally  fwift  towards 
one  another  by  the  power  of  gravity,  with  velo¬ 
cities 
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cities  accelerated  as  they  approached  each  other ; 
and  would  meet  in  a  point  which  was  half  way  be¬ 
tween  them  at  firft.  Or,  if  two  bodies  containing 
unequal  quantities  of  matter,  were  placed  at  any 
diftance,  and  left  in  the  fame  manner  at  liberty, 
they  would  fall  towards  one  another  with  velocities 
which  would  be  in  an  inverfe  proportion  to  their 
‘  refpedlivc  quantities  of  matter  \  and  moving  fafter 
and  fafter  in  their  mutual  approach,  would  at  lafl: 
meet  in  a  point  as  much  nearer  to  the  place  from 
which  the  heavier  body  began  to  fall,  than  to  the 
place  from  which  the  lighter  body  began  to  fall, 
as  the  quantity  of  matter  in  the  former  exceeded 
that  in  the  latter. 

All  bodies  that  we  know  of  have  gravity  or 
weight.  For,  that  there  is  no  fuch  thing  as  pofitive 
levity,  even  in  fmoke,  vapours,  and  fumes,  is  de- 
monftrable  by  experiments  on  the  air-pump  ;  which 
Ihews,  that  although  the  fmoke  of  a  candle  af- 
cends  to  the  top  of  a  tall  receiver  when  full  of  air, 
yet,  upon  the  air’s  being  exhaufeed  out  of  the  re¬ 
ceiver  the  fmoke  falls  down  to  the  bottom  of  it. 
So,  if  a  piece  of  wood  be  immerfed  in  a  jar  of 
water,  the  wood  will  rife  to  the  top  of  the  water, 
becaufe  it  has  a  lefs  degree  of  weight  than  its  bulk 


of  water  has:  but  if  the  jar  be  emptied  of  water, 
the  wood  falls  to  the  bottom. 

Gravity dc-  cverv  patticle  of  matter  has  its  proper  gra- 

monitrated  ,  ^  ^  r  \  n  i  ^  • 

to  be  as  the  vity,  the  efFe6t  of  the  whole  muft  be  in  proportion 
the  number  of  attradling  particles;  that  is,  as 
bodies.  the  quantity  of  matter  in  the  whole  body.  This 
is  demonftrable  by  experiments  on  pendulums  ; 

for. 
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for,  if  they  are  of  equal  lengths,  whatever  their 
weights  be,  they  vibrate  in  equal  times.  Now  it 
is  plain,  that  if  one  be  double  or  triple  the  weight 
of  another,  it  muft  require  a  double  or  triple  powers 
of  gravity  to  make  it  move  with  the  fame  celerity : 
juft  as  it  would  require  a  double  or  triple  force  to 
proje6l  a  bullet  of  twenty  or  thirty  pounds  weight 
with  the  fame  degree  of  fwiftnefs  that  a  bullet  of 
ten  pounds  would  require.  Hence,  it  is  evident 
that  the  power  or  force  of  gravity  is  always  pro¬ 
portional  to  the  quantity  of  matter  in  bodies, 
whatever  their  bulks  or  figures  are. 

Gravity  alfo,  like  all  other  virtues  or  emana- Itdecreafes 
tions  which  proceed  or  iflue  from  a  center,  de- 
creafes  as  the  diffance  multiplied  by  itfelf  incrcafes.  thediftance 
That  is,  a  body  at  twice  the  diftance  of  another 
attracts  with  only  a  fourth  part  of  the  force  ;  at 
thrice  the  diftance,  with  a  ninth  part ;  at  four  - 
'  times  the  diftance,  with  a  ftxteenth  part ;  and  fo 
on.  This  too  is  confirmed  by  comparing  the  dif¬ 
tance  which  the  moon  falls  in  a  minute,  from  a 
right  line  touching  her  orbit,  with  the  diftance 
through  which  heavy  bodies  near  the  earth  fall  in 
that  time.  And  alfo  by  comparing  the  forces  which 
retain  Jupiter’s  moons  in  their  orbits,  with  their 
refpedlive  diftances  from  Jupiter.  Thefe  forces  will 
be  explained  in  the  next  ledture. 

The  velocity  which  bodies  near  the  earth  acquire 
in  defcending  freely  by  the  force  of  gravity,  is 
proportional  to  the  times  of  their  defcent.  For, 
as  the  power  of  gravity  does  not  conftft  in  a  ftngle 
impulfe,  but  is  always  operating  in  a  conftant  and 
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uniform  manner,  it  mufl  produce  equal  efFe£ls  in 
equal  times  {  and  confequently  in  a  double  or  tri¬ 
ple  time,  a  double  or  triple  efFe^f.  And  fo,  by 
adling  uniformly  on  the  body,  muft  accelerate  its 
motion  proportionably  to  the  time  of  its  defcent. 

To  be  a  little  more  particular  on  this  fubje6f,  let 
us  fuppofe  that  a  body  begins  to  move  with  a  ce¬ 
lerity  conidantly  and  gradually  increafing,  in  fuch 
a  manner,  as  would  carry  it  through  a  mile  in  a 
minute  *,  at  the  end  of  this  fpace  it  will  have  ac¬ 
quired  fuch  a  degree  of  celerity  as  is  fufficient  to 
carry  it  two  miles  the  next  minute,  though  it  ihould 
then  receive  no  new  impulfe  from  the  caufe  by 
which  its  motion  had  been  'accelerated  :  but  if  the 
fame  accelerating  caufe  continues,  it  will  carry  the 
body  a  mile  farther  |  on  which  account,  it  will 
have  run  through  four  miles  at  the  end  of  two 
min^utes  ;  and  then,  it  will  have  acquired  fuch  a 
degree  of  celerity  as  is  fufficient  to  carry  it  through 
a  double  fpace  in  as  much  more  time  •,  or  eight 
miles  in  two  minutes,  even  though  the  accelerating 
force  ihould  adt  upon  it  no  more.  But  this  force 
Hill  continuing  to  operate  in  an  uniform  manner, 
will  again  in  an  equal  time  produce  an  equal  effed:;, 
and  fo,  by  carrying  it  a  mile  further,  caufe  it  to 
move  through  rive  miles  the  third  minute' :  for,  the 
celerity  already  acquired,  and  the  celerity  ftill  ac¬ 
quiring,  will  each  have  its  compleat  effed.  Flence 
we  learn,  that  if  the  body  fhould  move  one  mile 
the  firft  minute,  it  would  move  three  the  fecond, 
five  the  third,  feven  the  fourth,  nine  the  fifth, 
and  fo  on  in  proportion. 
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And  thus  it  appears,  that  the  fpaces  defcrlbed  in 
fucceffive  equal  parts  of,  time,  by  an  uniformly  ac¬ 
celerated  motion,  are  always  as  the  odd  numbers 
I,  3,  5,  7,  9,  &c.  and  confequently,  the  whole  fpa¬ 
ces  are  as  the  fquares  of  the  times,  or  as  the  velo¬ 
cities.  For,-  the  continued  addition  of  the  odd 
numbers  yields  the  fquares  of  all  numbers  from 
unity  upward.  Thus,  i  is  the  firfl  odd  number, 
and  the  fquare  of  i  is  i  ;  3  is  the  fecond  odd 
number,  and  this  added  to  i  makes  4,  the  fquare 
of  2  ;  5  is  the  third  odd  number,  which  added  to 
4  makes  9,  the  fquare  of  3  ;  and  fo  on  for  ever. 

Since  therefore,  the  times  and  velocities  proceed 
evenly  and  conftantly  as  i,  2,  3,  4,  &c.  but  the 
fpaces  deferibed  in  each  equal  time  are  as  i,  3,  5, 

7,  &c.  it  is  evident  that  the  fpace  deferibed 

In  one  minute  will  be  -  -  -  i  =  fquare  of  i 

In  2  minutes  -  -  i  “f-  31=  4  =  fquare  of  2 

In  3  minutes  -  i  3  5  —  9  =  fquare  of  3 

In  4  minutes  i  -f-  3  -f-  5  -f-  7  =  16  fquare  of  4  he, 

N.  B.  The  charadler  •+•  fignifies  more^  and  —  equal* 

As  heavy  bodies  are  uniformly  accelerated  by  the  The  de¬ 
power  of  gravity  in  their  defeent,  it  is  plain  that  yeiodty^ 
they  mud  be  uniformly  retarded  by  the  fame  power give  a 
in  their  afeent.  Therefore,  the  velocity  which  aeq^aTaf- 
body  acquires  by  falling,  is  fufheient  to  carry  it  up 
again  to  the  fame  height  from  whence  it  fell  :  al¬ 
lowance  being  made  for  the  refiftance  of  the  air, 
or  other  medium  in  which  the  body  is  moved. 

Thus,  the  body  D  in  rolling  down  the  inclined  Fig- 


14  the  properties  of  matter » 

plane  AB  will  acquire  fuch  a  velocity  by  the  time 
it  arrives  at  as  will  carry  it  up  the  inclined  plane 
jBC,  almofl  to  C;  and  would  carry  it  quite  up  to 
C,  if  the  body  and  plane  were  perfectly  fmooth, 
and  the  air  gave  no  refiftance. — So,  if  a  pendulum 
were  put  into  motion  in  a  fpace  quite  void  of  air, 
and  all  other  refiftance,  and  had  no  fri6tion  on  the 
point  of  fufpenfion,  it  would  move  for  ever  :  for 
the  velocity  it  had  acquired  in  falling  through  the 
defcending  part  of  the  arc,  would  be  ftill  fuffi.cient 
to  carry  it  equally  high  in  the  afcending. 

The  center  The  center  of  gravity  is  that  point  of  a  body  in 

of  gravity,  whole  force  of  its  gravity  or  weight  is 

united.  Whatever  fupports  that  point  bears  the 
weight  of  the  whole  body  :  and  whilft  it  is  fup- 
ported,  the  body  cannot  fall ;  becaufe  all  its  parts 
are  in  a  perfed  equilibrium  about  that  point. 

An  imaginary  line  drawn  from  the  center  of 
’  gravity  of  any  body  to  the  center  of  the  earth,  is  ' 
And  line  of  called  the  line  of  dire5tion.  In  this  line  all  heavy 
diieaion.  defccnd,  if  not  obPcrucled. 

Since  the  whole  weight  of  a  body  is  united  in  its 
center  of  gravity,  as  that  center  afcends  or  defcends 
we  muft  look  upon  the  whole  body  to  do  fo  too. 
But  as  it  is  contrary  to  the  nature  of  heavy  bodies 
to  afcend  of  their  own  accord,  or  not  to  defcend 
when  they  are  permitted  *,  we  m.ay  be  fure  that, 
unlefs  the  center  of  gravity  be  fupported,  the  whole 
body  will  tumble  or  fall.  Hence  it  is,  that  bodies 
ftand  upon  their  bafes  when  the  line  of  diredion 
falls  within  the  bafe  *,  for  in  this  cafe  the  body  can¬ 
not  be  made  to  tumble  or  fall  without  firft  raifing 
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the  center  of  gravity  higher  than  it  was  before. 

Thus,  the  inclining  body  ABCD^  whofe  center  Fig.  3. 
of  gravity  is  £,  ftands  firmly  on  its  bafe  CDIKy 
becaufe  the  line  of  diredlion  EF  falls  within  the 
bafe.  But  if  a  weight  as  ABGHht  laid  upon 
the  top  of  the  body,  the  center  of  gravity  of  the 
whole  body  and  weight  together  is  raifed  up  to  /; 
and  then,  as  the  line  of  diredion  ID  falls  without 
the  bafe  at  D, ,the  center  of  gravity  /is  not  fup- 
ported  *,  and  the  whole  body  and  weight  tumble 
down  together. 

Hence  appears  the  abfurdity  of  people’s  riling 
haftily  in  a  coach  or  boat  when  it  is  likely  to  over- 
fet :  for,  by  that  means  they  raife  the  center  of  gra¬ 
vity  fo  far  as  to  endanger  throwing  it  quite  out  of 
the  bafe ;  which  if  they  do,  they  overfet  the  ve¬ 
hicle  effedlually.  Whereas,  had  they  clapt  down 
to  the  bottom,  they  would  have  brought  the  line  of 
diredion,  and  confequently  the  center  of  gravity, 
farther  within  the  bafe,  and  by  that  means  might 
have  faved  themfelves. 

The  broader  the  bafe  is,  and  the  nearer  the  line 
of  diredlion  is  to  the  middle  or  center  of  it,  the 
more  firmly  does  the  body  ftand.  On  the  con¬ 
trary,  the  narrower  the  bafe,  and  the  nearer  the 
line  of  direction  is  to  the  fide  of  it,  the  more  eafily 
may  the  body  be  overthrown :  a  lefs  change  of 
pofition  being  fufficient  to  remove  the  line  of  di- 
redion  out  of  the  bafe  in  the  latter  cafe  than  in  the  ‘ 
former.  And  hence  it  is,  that  a  fphere  is  fo  eafily 
roiled  upon  a  horizontal  plane  ;  and  that  it  is  fo 
difficult,  if  not  impoffible,  to  make  things  which 

are 
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Fig.  4. 


Ail  bodies 
porous. 


are  fharp  pointed  to  Hand  upright  on  the  point.— 
From  what  hath  been  faid,  it  clearly  appears  that 
if  the  plane  be  inclined  on  which  the  heavy  body 
is  placed,  the  body  will  Aide  down  upon  the  plane 
whilft  the  line  of  diredtion  falls  within  the  bafe; 
but  it  will  tumble  or  roll  down  when  that  line  falls 
without  the  bafe.  Thus,  the  body  A  will  only  Aide 
down  the  inclined  plane  CD,  whilft  the  body  B 
rolls  down  upon  it. 

When  the  line  of  diredlion  falls  within  the  bafe 
of  our  feet,  we  Aand  ;  and  moA  Armly  when  it  is 
in  the  middle  :  but  when  it  is  out  of  that  bafe,  we 
immediately  tumble  or  fall.  And  it  is  not  only 
pleafing,  but  even  furpriAng,  to  reAedl  upon  the 
various  and  unthought  of  methods  and  poAures 
which  we  ufe  to  retain  this  pofition,  or  to  recover 
it  when  it  is  loA.  For  this  purpofe  we  bend  our 
body  forward  when  we  rife  from  a  chair,  or  when 
we  go  up  Aairs  :  and  for  this  purpofe  a  man  leans 
forward  when  he  carries  a  burden  on  his  back,  and 
backward  when  he  carries  it  on  his  breaA ;  and  to 
the  right  or  left  fide  as  he  carries  it  on  the  oppo- 
fite  fide.  A  thoufand  more  inAances  might  be 
added. 

The  quantity  of  matter  in  all  bodies  is  in  exadl 
proportion  to  their  weights,  bulk  for  bulk.  There¬ 
fore,  heavy  bodies  are  as  much  more  denfe  or  com- 
pa6b  than  light  bodies  of  the  fame  bulk,  as  they 
exceed  them  in  weig-hr. 

o 

All  bodies  are.  full  of  pores,  or  fpaces  void  of 
matter  :  and  in  gold,  which  is  the  heavieA  of  all 
known  bodies,  there  is  perhaps  a  much  greater 
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quantity  of  fpace  than  of  matter.  For  the  parti¬ 
cles  of  heat  and  magnetifm  find  an  eafy  pafiage 
through  the  pores  of  gold ;  and  even  water  itfelf 
has  been  forced  through  them.  Befides,  if  we 
confider  how  eafily  the  rays  of  light  pafs  through 
fo  foiid  a  body  as  glafs,  in  all  manner  of  directions, 
we  fhali  find  reafon  to  believe  that  bodies  are  much 
more  porous  than  is  generally  imagined. 

All  bodies  are  fome  way  or  other  alfecfied  by  The  es:» 
heat ;  and  all  metallic  bodies  are  expanded  in 
length,  breadth,  and  thicknefs  thereby .“^The  pro¬ 
portion  of  the  expanfion  of  feveral  metals,  ac¬ 
cording  to  the  bell  experiments  I  have  been  able 
to  make  with  my  pyrom.eter,  is  nearly  thus.  Iron 
and  glafs  as  3,  fteel  4,  copper  4  and  one  eighth, 
brafs  5,  tin  6,  lead  6  and  one  eighth.  An  iron 
rod  3  feet  long  is  about  one  70th  part  of  an  inch 
longer  in  fummer  than  in  winter. 

The  pyrometer  here  mentioned  being  (for  aught  The  pyr^^ 
I  know)  of  a  new  conftrudion,  a  defeription  of 
may  perhaps  be  agreeable  to  the  reader. 

A  A  is  a  flat  piece  of  mahogany,  in  which  arepiC 
fixed  four  brafs  ftuds  B^C^D^L ;  and  two  pins, 
one  at  F  and  the  other  at  H.  On  the  pin  F  turns 
the  crooked  index  E  i,  and  upon  the  pin  H  the 
ftraight  index  G  /f,  againft  which  a  piece  of  watdi- 
fpring  R  bears  gently,  and  fo  preffes  it  towards  the 
beginning  of  the  fcale  AfA^,  over  which  the  point 
of  that  index  moves.  This  fcale  is  divided  into 
inches  and  tenth  parts  of  an  inch  :  the  firfl  inch  is 
marked  1000,  the  fecond  2000,  and  fo  on.  A  bar 
of  metal  0  is  laid  into  notches  in  the  top  of  the 
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ftuds  C  and  D  one  end  of  the  bar  bearing  againff 
the  adj  Lifting  fcrew  P,  and  the  other  end  againft 
the  crooked  index  P  /  at  a  20th  part  of  its  length 
from  its  center  of  motion  F. — Now  it  is  plain,  that 
however  much  the  bar  O  lengthens,  it  will  move 
that  part  of  the  index  El  againft  which  it  bears 
juft  as  far  :  but  the  crooked  end  of  the  fame  index, 
near  Hy  being  20  times  as  far  from  the  center  of 
motion  F  as  the  point  is  againft  which  the  bar 
bears,  it  will  move  20  times  as  far  as  the  bar 
lengthens.  And  as  this  crooked  end  bears  againft 
the  index  GK  zx.  only  a  20th  part  of  its  whole  * 
length  GS  from  its  center  of  motion  i7,  the  point 
S  will  move  through  20  times  the  fpace  that  the 
.point  of  bearing  near  H  does.  Hence,  as  20  mul¬ 
tiplied  by  20  produces  400,  it  is  evident  that  if  the 
bar  lengthens  but  a  400th  part  of  an  inch,  the  ■ 
point  S  will  move  a  whole  inch  on  the  fcale  ;  and  ! 
as  every  inch  is  divided  into  10  equal  parts,  if  the  «! 
bar  lengthens  but  the  loth  part  of  the  400th  part 
of  an  inch,  which  is  only  the  4000th  part  of  an 
inch,  the  point  S  will  move  the  tenth  part  of  an  i 
inch,  which  is  very  perceptible. 

To  find  how  much  a  bar  lengthens  by  heat,  firff:  If 
lay  it  cold  into  the  notches  of  the  ftuds,  and  turn  t 
the  adjufting  (crew  P  until  the  fpring  R  brings  the  i; 
point  S  of  the  index  GK  to  the  beginning  of  the  t 
divifions  of  the  fcale  at  M:  then,  without  altering:  k 
the  ftrew  any  farther,  take  off  the  bar  and  rub  it  1 
with  a  dry  woollen  cloth  till  it  feels  warm ;  and  |. 
then,  laying  it  on  where  it  was,  obferve  how  far  it 
pufhes  the  point  S  upon  the  fcale  by  means  of  the 
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crooked  index  El:  and  the  point  S  will  (Ite'w  ex¬ 
actly  how  much  the  bar  has  lengthened  by  the  heat 
of  rubbing.  As  the  bar  cools,  the  fpring  R  bear- 
ing  agairift  the  index  KGj  will  caufe  its  point  S  to 
move  gradually  back  towards  M  in  the  fcale  :  and 
w'hcn  the  bar  is  quite  cold,  the  index  Will  reft 
where  it  was  before  the  bar  w^a^s  made  warm  by 
rubbing.  The  indexes  have  fmall  rollers  under 
them  at  /  and  K  \  which,  by  turning  round  on  the 
fmooth  wood  as  the  indexes  move,  make  their  mo¬ 
tions  the.eaher,  by  taking  off  a  great  part  of  the 
frihtion,  which  would  otherwife  be  on  the  pins  F 
and  //,  and  of  the  points  of  the  indexes  themfelves 
on  the  wood. 

Befides  the  univerfal  properties  above-mentioned, 
there  are  bodies  which  have  properties  peculiar  to 
themfelves  :  fueh  as  the  loadftpne,  in  which  the 
moft  remarkable  are  thefe,  i,  it  attrafe  iron  and 
ftecl  only.  2.  It  conftantly  turns  one  of  its  Tides 
to  the  north  and  another  to‘  the  fouth,  when  fuf- 
pendediby  a  thread  that  does  not  tv/ift.  3.  It  com¬ 
municates  all  its  properties  to  a  piece  of  fteel  when 
rubbed  upon  it,  without  lofing  any  itfetf. 

According  to  Dr.  Heljhain^s  experiments,  the 
attrablion  of  the  loadftone  decreafes  as  the 
fquare  of  the  diftance  rncreafes.  Thus,  if  a  load¬ 
ftone  be  fufpended  at  one  end  of  a  balance,  and 
counterpoifed  by  weights  at  the  other ;  and  a  flat 
piece  of  iron  placed  beneath  it,  at  the  diftance  of 
four  tenths  of  an  inch,  the  ftone  will  immediately 
defcend  and  adhere  to  the  iron.  But  if  the  ftone 
be  again  removed  to  the  fame  diftance,  and  as 
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many  grains  be  put  into  the  fcale  at  the  other  end 
as  will  exadly  counterbalance  the  attraction,  then, 
if  the  iron  be  brought  twice  as  near  the  ftone  as 
before,  that  is,  only  two  tenth  parts  of  an  inch 
from  it,  there  muft  be  four  times  as  many  grains 
’put  into  the  fcale  as  before,  in  order  to  be  a  juft 
counterbalance  to  the  attractive  force,  or  toJiinder 
the  ftone  from  defending  and  adhering  to  the  iron. 
So,  if  four  grains  will  do  in  the  former  cafe,  there 
muft  be  fixteen  in  the  latter.  But  from  fome  later 
experiments,  made  with  the  greateft  accuracy,  it 
is  found  that  the  force  of  magnetifm  decreafes  in 
a  ratio  between  the  reciprocal  of  the  fquare  and  the 
s  -  reciprocal  of  the  cube  of  the  diftance  ;  approach* 
ing  to  the  one  or  the  other,  as  the  magnitudes  of 
the  attracting  bodies  are  varied. 

Ekarlcity.  Several  bodies,  particularly  amber,  glafs,  jet^ 
fealing-wax,  agate,  and  almoft  all  precious  ftones, 
have  a  peculiar  property  of  attracting  and  repelling, 
light  bodies  when  heated  by  rubbing.  This  is 
Cdlltdi  electrical  attraction.,  in  which  the  chief  things 
to  be  obferved  are,  i.  if  a  glafs  tube  about  an  inch 
and  an  half  in  diameter,  and  two  or  three  feet 
long,  be  heated  by  rubbing,  it  will  alternately  at¬ 
tract  and  repel  all  light  bodies  at  the  diftance  of  lo 
or  15  inches.  2.  It  does  not  attraCt  by  being; 
heated  v/ithout  rubbing.  3.  Any  light  body  be¬ 
ing  once  repelled  by  the  tube,  will  never  be  at¬ 
tracted  again,  till  it  has  touched  fome  other  body, 

4.  If  the  tube  be  rubbed  by  a  moift  hand,  or  any 
thing  that  is  v/et,  it  totally  deftroys  the  eleCtricity. 

5.  Any  body  except  air,  being  interpofed,  ftops 
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die  eledlriclty,  6.  The  tube  attradls  ftronger*  when 
rubbed  over  with  bees-wax,  and  then  with  a  dry 
woollen  cloth.  7.  When  it  is  well  rubbed,'  if  a 
linger  be  brought  near  it,  at  about  the  diftance  of 
half  an  inch,  the  effluvia  will  fnap  againfl;  the  fin¬ 
ger,  and  make  a  little  crackling  noife  ;  and  if  this 
be  performed  in  a  dark  place,  there  will  appear  a 
little  fiafh  of  light, 
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have  already  mentioned  it  as  a  ncceflary  Motion  or 
^  ^  confequence  ariling  from  the  deadnefs  or  [ndifferent^ 
inadlivity  of  matter,  that  all  bodies  endeavour  to^^ 
continue  in  the  fbate  they  are  in,  whether  of  reft  or 
motion.  If  the  body  A  were  placed  in  any  part  Plate  ir, 
of  free  fpace,  where  nothing  either  draws  or^^^‘ 
impels  it  any  way,  it  would  for  ever  remain  in  that 
part  of  fpace,  becaufe  it  could  have  no  tendency  of 
itfelf  to  remove' any  way  from  thence.  If  it  re¬ 
ceive  a  fingle  impulfe  any  way,  as  fuppofe  from  A 
towards  it  will  go  on  in  that  diredtion  ;  for,  of 
itfelf  it  could  never  fwerve  from  a  right  line,  nor 
ftop  its  courfe. — -When  it  has  gone  through  the 
fpace  ABy  and  met  with  no  refiftance,  its  velocity 
will  be  the  fame  at  B  as  it  was  at  A :  and  this  ve¬ 
locity,  in  as  much  more  time,  will  carry  it  thro’ 
as  much  more  fpace,  from  B  to  C  •,  and  fo  on  for 
ever.  Therefore,  when  we  fee  a  body  in  motion, 
we  conclude  that  fome  other  fubftance  muft  have 
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given  it  that  motion  ;  and  when  we  fee  a  body  fall 
from  motion  to  reft,  v/e  conclude  that  feme  other 
body  or  caufe  ftopt  it. 

"  All  motion  As  all  motion  is  naturally  redlilineal,  it  appears, 
reSineal.  ^  bullct  projedted  by  the  hand,  or  fhot  from  a 
cannon,  would  for  ever  continue  to  iriov^  in  the 
fame  direction  it  received  at  ftrir,  if  no  other  pow¬ 
er  diverted  its  courfe.  Therefore,  when  v/e  fee  ar 
body  move  in  a  curve  of  any  kind  whatever,  we 
conclude  it  muft  be  adted  upon  by  two  powers  at 
leaft  ;  one  to  put  it  in  motion,  and  another  draw¬ 
ing  it  off  from  the  reeftilineal  courfe  it  would  other- 
wife  have  continued  to  move  in  :  and  whenever 
that  power  which  bent  the  rnotion  ot  the  body 
from  a  ftraight  line  into  a  curve,  ceales  to  adl,  the 
body  will  again  move  on  in  a  ftraight  line  touching 
that  point  of  the  curve  in  wddeh  it  Vv^as  when  the 
adlion  of  that  povv^er  ceafed.  For  example,  a  peb¬ 
ble  moved  round  in  a  Oing  ever  fo  long  a  time, 
will  fly  off  the  moment  it  is  fet  at  liberty,  by  flip^ 
ping  one  end  of  the  fling-cord  5  and  will  go  on  m 
a  line  touching  the  circle  it  deferibed  before  :  which 
line  would  a^lually  be  a  ftraight  one,  if  the  earth’s 
attradfion  did  not  affeft  the  pebble,  and  bring  it 
down  to  the  ground.  This  (hews  that  the  natural 
tendency  of  the  pebble,  when  put  into  motion,  is 
to  continue  moving  in  a  ftraight  line,  although  by 
the  force  of  the  fling  it  be  made  to  revolve  in  a  circle. 

The  change  of  motion  produced  is  in  proportion 
ged  the'  force  imprefled :  for  the  effedls  of  natural 

caufes  are  always  proportionate  tp  the  force  or 
power  of  thofe  caufes, 
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By  thefe  laws  it  h  eafy  to  prove  that  a  body  will 
defcribe  the  diagonal  of  a  fquare  or  parallelogram, 
by  two  forces  conjoined,  in  the  fame  time  tliat  it 
would  defcribe  either  of  the  lides,  by  one  force 
fingly.  Thus,  fuppofe  the  body  A  to  reprefenc  a  Fig.  '4. 
fhip  at  fea ;  and  that  it  is  drove  by  the  wind  in 
the  right  line  AB^  with  fuch  a  force  as  would  carry 
it  uniformly  from  A  to  Bin  2^.  minute  :  then,  iup“» 
pofe  a  ftream  or  current  of  water  running  in  the 
direflion  AD.  with  fuch  a  force  as  would  carr  /  the 
flip  through  an  equal  fpace  from  A  to  D  in  a  mi¬ 
nute.  By  thefe  two  forces,  ading  together  at  right 
angles  to  each  other,  the  Clip  will  defcribe  the  line  . 

A  EC  in  a  minute:  which  line  (becaiife  the  forces 
are  equal)  will  be  the  diagonal  of  an  exadf  fquare. 

To  confrm  this  law  by  an  experiment,  let  there 
be  a  wooden  fquare  5  CD  fo  contrived,  as  to  have  Fig.  3. 
the  part  B  E  FC  made  to  draw  out  or  pufh  into  the 
fquare  at  pleafure.  To  this  part  let  the  pulley  H 
be  joined,  fo  as  to  turn  freely  on  an  axis,  which 
will  b^  at  H  when  the  piece  is  puflied  in,  and  at  h  , 
when  it  is  drawn  out.  To  this  part  let  the  ends  of 

X. 

a  ftraight  wire  k  be  fixed,  fo  as  to  move  along  with 
it,  under  the  pulley  \  and  let  the  ball  G  be  made 
to  Hide  eafily  on  the  wire.  A  thread  m  is  fixed  to 
this  ball,  and  goes  over  the  pulley  to  by  this 
thread  the  ball  may  be  drawn  up  on  the  wire,  pa¬ 
rallel  to  the  fide  AD^  when  the  part  BEFC  is 
pulhed  as  far  as  it  will  go  into  the  Iquare.  But, 
if  this  part  be  drawn  out,  it  will  carry  the  ball  along 
with  it,  parallel  to  the  bottom  of  the  fquare  DC, 

By  this  means,  the  bail  G  may  either  be  drawn 
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perpendicularly  upward  by  pulling  the  thread 
or  moved  horizontally  along  by  pulling  out  the 
part  BEFC^  in  equal  times,  and  through  equal 
fpaces ;  each  power  a61ing  equably  and  feparately 
upon  it.  But  if,  w’hen  the  ball  is  at  G,  the  upper 
end  of  the  thread  be  tied  to  the  pin  /,  in  the  cor¬ 
ner  A  of  the  fixed  fquare,  and  the  moveable  part 
B  EFG  be  drawn  out,  the  ball  will  then  be  a6led 
upon  by  both  the  powers  together:  for  it  will  be 
drawn  up  by  the  thread  towards  the  top  of  thp 
fquare,  and  at  the  fame  time  carried  with  its  wire 
k  towards  the  right  hand  BC^  moving  all  the  while 
in  the  diagonal  line  L,  and  will  be  found  at^  when 
the  Hiding  part  is  drawn  cut  as  far  as  it  was  be- 
foroj  which  then,  will  have  caufed  the  thread  to 
dtaw  up  the  ball  to  the  top  of  the  infide  of  the 
fquare,  juft  as  high  as  it  was  before,  when  drawn 
up  fingly  by  the  thread  without  moving  the  Hiding 
part. 

.  If  the  adling  forces  are  equal,  but  at  oblique 
angles  to  each  other,  fo  will  the  fides  of  the  paral¬ 
lelogram  be  :  and  the  diagonal  run  through  by  the 
moving  body  will  be  longer  or  fliorter,  according 
fig,  4-.  as  the  obliquity  is  greater  or  fmalier.  Thus,  if 
two  equal  forces  a<ft  conjointly  upon  the  body 
one  having  a  tendency  tp  move  it  through  the  fpace 
AB  \n  the  fame  time'  that  the  other  has  a  tendency 
to  move  it  through  an  equal  fpace  AJ^s  it  will  de- 
fcribe  the  diagonal  AGC  m  the  fame  time  that  ei.- 
ther  of  the  fingle  forces  would  have  caufed  it  to 
defcribe  either  of  the  fides.  If  one  of  the  forces 
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rallelo^ram  will  be  fo  much  longer  than  the  other. 

For,  if  one  force  fingly  would  carry  the  body 
through  the  fpace  AE^  in  the  fame  time  that  the 
other  would  have  carried  it  through  the  fpace  ADy 
the  joint  adiion  of  both  will  carry  it  in  the  fame 
time  through  the  fpace  AHF^  which  is  the  dia¬ 
gonal  of  the  oblique  parallelogram  ADEF. 

If  both  forces  afl  upon  the  body  in  fuch  a  man¬ 
ner,  as  to  move  it  vmiformly,  the  diagonal  de- 
feribed  will  be  a  ftraight  line  ^  but  if  one  of  the  ' 
forces  afls  in  fuch  a  manner  as  to  make  the  body 
move  fader  and  fafter  as  it  goes  forw^ard,  then  the 
line  deferibed  will  be  a  curve.  And  this  is  the 
cafe  of  all  bodies  which  are  projefled  in  reflilineai 
I  direftions,  and  at  the  fame  time  added  upon  by  the 
!  power  of  gravity,  which  has  a  conftant  tendency 
I  to  accelerate  their  motions  in  the  diredlion  wherein 
it  adls. 

From  the  uniform  projedlile  motion  of  bodies  in  The  laws 
ftraight  lines,  and  the  univerfal  power  of  gravity 

^  ^  ^  ^  ^  i  0  7  netary  mo-« 

or  attraclion,  arifes  the  curvilineal  motion  of  all  tions. 

the  heavenly  bodies.  If  the  body  A  be  projedled 

along  the  ftraight  line  AFH  in  open  fpace,  where  Fig. 

it  meets  with  no  refiftance,  and  is  not  drawn  afide 

by  any  power,  it  will  go  on  for  ever  with  the  fame 

velocity,  and  in  the  fame  diredlion.  But  if,  at  the 

fame  moment  the  projediile  force  is  given  it  at  A^ 

the  body  S  begins  to  artradt  it  with  a  force  duly 

adjufted  and  perpendicular  to  its  motion  at 

'  /  * 

It 

*  To  make  the  projedlile  force  a  juft  balance  to  the 
vitatipg  povyer,  fo  as  to  keep  the  planet  moving  in  a  circle,  it 

muft 
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k  will  then  be  drawn  from  the  ftraight  line  AFH^ 
and  forced  to  revolve  about  S  in  the  circle  AFW 
ill  the  fame  manner,  and  by  the  fame  law,  that  a 
pebble  is  moved  round  in  a  fling.  And  if,  when 
the  body  is  in  any  part  of  its  orbit,  (as  fuppofe  at 
K)  a  fmaller  body  as  L,  within  the  fphere  of  at- 
tradtion  of  the  body  If,  be  projedled  in  the  right 
line  LAf,  with  a  force  duly  adjufted,  and  perpen¬ 
dicular  to  the  line  of  attradion  LK',  then,,  the  fmall 
body  L  will  revolve  about  the  large  body  K  in  the 
orbit  NOj  and  accompany  it  in  its  whole  courfe 
round  the  yet  larger  body  S.  But  then,  the  body 
K  will  no  longer  move  in  the  circle  ATW  \  for 
that  circle  will  now  be  defcribed  by  the  common 
center  of  gravity  between  K  and  L,  Nay,  even 
the  great  body  S  will  not  keep  in  the  center  *,  for 
it  will  be  the  common  center  of  gravity  between 
all  the  three  bodies  <S,  if,  and  L,  that  will  remain 
immoveable  there.  So,  if  we  fuppofe  S  and  K 
connecled  by  a  wire  P  that  has  no  weight,  and  K 
and  L  conneded  by  a  wire  q  that  has  no  weight, 
the  common' center  of  gravity  of  all  thefe  three 
bodies  will  be  a  point  in  the  wire  P  near  S  ;  which 
point  being  fupported,  the  bodies  will  be  all  in 
equilthrio  as  they  move  round  it.  Though  indeed, 
ftridly  fpeaking,  the  common  center  of  gravity 
of  all  the  three  bodies  will  not  be  in  the  wire  P 
but  when  thefe  bodies  are  all  in  a  right  line.  Here, 
/ 

muft  give  fucli  a  velocity  as  the  planet  would  acquire  by  gra¬ 
vity  when  it  had  fallen  through  half  the  femidiameter  of  that 
circle ^ 
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S  may  reprefent  the  fan,  K  the  earth,  an‘d  L  the 
moon. 

In  order  to  form  a  general  idea  of  the  curves 
defcribed  by  two  bodies  revolving  about  their  com¬ 
mon  center  of  gravity,  whilii:  they  themfelyes  v/ith 
a  third  body  are  in  motion  round  the  common  cen¬ 
ter  of -gravity  of  all  the  three  ;  let  us  iirft  fiippofe 
E  to  be  the  fun,  and  e  the  earth  Roino;  round  him 
without  any  moon  and  their  moving  forces  regu¬ 
lated  as  above.  In  this  cafe,  whilfi  the  earth  goes 
round  the  fun  in  the  dotted  circle  RT'UJVX^  &c. 
the  fun  will  go  round  the  circle  D,  whofc  center 
C  is  the  common  center  of  gravity  between  the  fun 
and  earth  :  the  right  line  /3J  reprefenting  the  mu¬ 
tual  attradion  between  them,  by  which  they  are 
as  firmly  connefled  as  if  they  were  fixed  at'  the 
tv/o  ends  of  an  iron  bar  ftrong  enough  to  hold 
them.  So,  when  the  earth  is  at  e  the  fun  wdll  be 
at  E  \  when  the  earth  is  at  /  the  fun  will  be  at 
and  when  the  earth  is  at  g  the  fun  will  be  at  G, 
&c. 


See  Plate 
ill. 
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Now,  let  US  take  in  the  moon  ^  (at  the  top  of 
the  figure)  and  fuppofe  the  earth  to  have  no  pro^ 

:  grefiive  motion  about  the  fun  5  in  which  cafe, 
i  whilft  the  moon  revolves  about  the  earth  in  her 
t  orbit  the  earth  wdil  revolve  in  the  cir- 

j  cle  13,  whofe  center  R  is  the  common  center  of 
'I  gravity  of  the  earth  and  moon  ;  they  being  con*?- 
I  nedled  by  the  mutual  attrafiion  betw^een  them  in 
;  the  fame  manner  as  the  earth  and  fun  are. 

Bur  the  truth  is,  that  whilft  the  m.oon  revolves 
^boiit  tfte  earth,  the  earth  is  in  motion  about  the 

fun  I 
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fun  :  and  now,  the  moon  will  caufe  the  earth  to 
defcribe  an  irregular  curve,  and  not  a  true  circle^ 
round  the  fun.  For,  it  is  the  common  center  of 
gravity  of  the  earth  and  moon  that  will  defcribe 
the  fame  circle  which  the  earth  would  have  moved 
in,  if  it  had  not  been  attended  by  a  moon.  For, 
fuppofing  the  moon  to  defcribe  a  quarter  of  her 
progreffive  orbit  about  the  earth  in  the  time  that 
the  earth  moves  from  e  to  f\  it  is  plain,  that  when 
the  earth  comes  to/  the  moon  will  be  found  at  r; 
in  VvFich  tim.e,  their  common  center  of  gravity  will 
have  defcribed  the  dotted  arc  R  i  T',  the  earth  the 
curve  i^5/,  and  the  moon  the  curve  In 

the  time  that  the  moon  defcribes  another  quarter 
of  her  orbit,  the  center  of  gravity  of  the  earth 
agid  moon  will  defcribe  the  dotted  arc  2" 2 17,  the 
earth  the  curve /6^,  and  the  moon  the  curve  r  15J, 
and  fo  on.— And  thus,  whilft  the  moon  goes 
once  round  the  earth  in  her  progreffive  orbit,  their 
common  center  of  gravity  defcribes  the  regular 
portion  of  a  circle  Ri  "T 2  V 4.  /F",  the  earth  the 
irregular  curve  R^fSgyhS  f,  and  the  moon  the 
yet  more  irregular  curve  ^14  ri5Ji6/i7^^;  and 
then,  the  fame  kind  of  tracks  over  again. 

The  center  of  gravity  of  the  earth  and  moon  is 
6000  miles  from  the  earth’s  center  towards  the 
moon;  therefore,  the  circle  13  which  the  earth 
defcribes  round  that  center  of  gravity  (in  every 
courfe  of  the  moon  round  her  orbit)  is  12000 
miles  in  diameter.  Confequently,  the  earth  is 
12000  miles  nearer  the  fun  at  the  time  of  full  moon 
than  at  the  time  of  new.  [See  the  earth  at  /  and 
at  h.']  Tq 

/.V 


Of  ce?2ffal  forces,  29 

'  To  avoid  confufion  in  fo  fmall  a  figure,  we 
have  fuppofed  the  moon  to  go  only  twice  and  an 
half  round  the  earth  in  the  time  that  the  earth  goes 
once  round  the  fun  :  it  being  impoffible-to  take  in 
all  the  revolutions  which  fhe  makes  in  a  year,  and 
to  give  a  true  figure  of  her  path,'  unlefs  we  fiiould 
make  the  femidiameter  of  the  earth’s  orbit  at  lead 
84  inches  ;  and  then,  the  proportional  femidia¬ 
meter  of  the  moon’s  orbit  would  be  only  a  quarter 
of  an  inch. — For  a  true  figure  of  the  moon’s  path 
I  refer  the  reader  to  my  treatife  of  adronomy. 

If  the  moon  made  any  compleat  number  of  re¬ 
volutions  about  the  earth  in  the  time  that  the  earth 
makes  one  revolution  about  the  fun,  the  paths  of 
the  fun  and  moon  would  return  into  thentfelves  at 
the  end  of , every  year ;  and  fo  be  the  fame  over 
again:  but  they  return  not  into  themfelves  in  lefs 
than  19  years  nearly  ;  in  which  time  the  earth 
makes  nearly  19  revolutions  about  the  fun,  and 
the  moon  235  about  the  earth. 

If  the  planet  A  be  attracted  towards  the  fun  Plate  ir. 
with  fuch  a  force  as  would  miake  it  fall  from  A  to 
^JB  in  the  time  that  the  projedile  impulfe  would 
have  carried  it  from  A  to  F,  it  will  defcribe  the 
arc  by  the  combined  adion  of  thefe  forces,  A  double 
in  the  fame  time  that  the  former  would  have  caufed 
it  to  fall  from  A  to  5,  or  the  latter  have  carried 'it  iances  a 
from  ^  to  K  But,  if  the  projedile  force  had  been 
twice  as  great,  that  is,  fuch  as  would  have  carried  ^ 
the  planet  from  A  to  H  In  the  fame  time  that  now, 
by  the  fuppofition,  it  carries  it  only  from  A  to  F  y 
the  fun’s  attradion  mud  then  have  been  four  times 

as 
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as  flrong  as  formerly,  to  have  kept  the  plane!:  irf 
the  circle  that  is,  it  mufl  have  been  fuchr 

as  would  have  caufed  the  planet  to  fail  from  A  to 
which  is  four  times  the  dlftance  of  A  from  E, 
in  the  time  that  the  projedile  force  fingly  would 
have  carried  it  from  A  to  which  is  only  twice 
the  diflance  of  from  Thus,  a  double  pro-* 

jedile  force  will  balance  a  quadruple  power  of  gra¬ 
vity  in  'the  fame  circle  ;  as  appears  plain  by  the 
figure,  and  ihall  foon  be  confirmed  by  an  expe¬ 
riment. 

The  whirling- table  is  a  machine  contrived  for 

fliewing  experiments  of  this  nature.  A  A  is  a 

ftrong  »frame  of  *v/ood,  B  a  winch  or  handle  fixed 

on  the  axis  C  of  the  wheel  D,  round  which  is  the 

citgut  ftring  EF,  which  alfo  goes  round  the  final] 

wheels  G  and  H,  croffing  between  them  and  the 

great  wheel  D.  On  the  upper  end  of  the  axis  of 

the  wheel  G,  above  the  frame,  is  fixed  the  round 
% 

board  d,  to  which  the  bearer  MSX  may  be  faftened 
occafionally,  and  removed  when  it  is  not  wanted. 
On  the  axis  of  the  wheel  H  is  fixed  the  bearer 
NTZ  :  and  it  is  eafy  to  fee  that  when  the  winch  is 
turned,  the  wheels  and  bearers  are  put  into  a  whirl-” 
ing  .motion. 

Each  bearer  hath  two  wires  /FiX,  and  T,Zy 
fixed  and  fere  wed  tight  into  them  at  the  ends  by 
nuts  on  the  outfide.  And  when  thefe  nuts  are  un-^ 
ferewed,  the  wires  may  be  drawn  out,  in  order 

^  Here  the  arcs  JG,  muft  be  fuppofed  to  be  very  / 
fmall  ;  otherwife  JE,  which  is  equal  to  HI,  will  not  be  qua¬ 
druple  to  JB,  which  is  equal  to  FG, 
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to  change  the  balls  U  and  V^'  which  Hide  upon  the 
wires  by  means  of  loops  fixed  into  the  balls,  and 
keep  them  up  from  touching  the  wood  below  them. 

A  flrong  filk  line  goes  through  each  ball,  and  is 
fixt  to  it  at  any  length  from  the  center  of  the  bearer 
to  its  end,  as  occafion  requires,  by  a  nut-fcrew  at 
the  top  of  the  ball  *,  the  fhank  of  the  fcrew  going 
into  the  center  of  the  ball  and  preffing  the  line 
againft  the  under  fide  of  the^  hole  that  it  goes 
through. — -The  line  goes  from  the  ball,  and  under 
a  fmall  pulley  fixt  in  the  middle  of  the  bearer ; 
then  up  through  a  focket  in  the  round  plate  (fee  S 
and  T)  in  the  middle  of  each  bearer  5  then  through 
a  flit  in  the  middle  of  the  fquare  top  (O  and  P)  of 
each  tower,  and  going  over  a  fmall  pulley  on  tho 
top,  comes  down  again  the  famie  way,  and  is  at  iafi 
faftened  to  the  upper  end  of  the.  focket  fixt  in  the 
middle  of  the  above-mentioned  round  plate.  Thefe 
plates  S  and  T*  have  each  four  round  holes  near 
their  edges  for  letting,  them  Aide  up  and  down  upon 
the  wires  which  make  the  corners  of  each  tower. 

The  balls  and  plates  being  thus  connefled,  each  by 
its  particular  line,  it  is  plain  that  if  the  balls  be 
drawn  outward,  or  towards  the  ends  M  and  N  of  ' 
their  refpedlive  bearers,  the  round  plates  S  and  T 
will  be  drawn  up  to  the  top  of  their  refpeclive  tow¬ 
ers  O  and  P. 

There  are  feveral  brafs  weights,  fome  of  two 
ounces,  fome  of  three,  and  fome  of  four,  to  be  Fig.  2^. 
occafionally  put  within  the  towers  0  and  P,  upon 
the  round  plates  S  and*  T:  each  weight  having  a 
round  hole  in  the  middle  of  it,  for  going  upon  the 

'  fockets 
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lockets  or  axes  of  the  plates,  and  is  flit  from  thf? 
edge  to  the  hole^  for  allowing  it  to  be  flipt  over 
the  forefaid  line  which  comes  from  each  bail  to  its 
relpecElive  plate. 

The  experiments  to  be  made  by  this  machine  are, 

I.  Take  away  the  bearer  MX,  and  take  the  ivory 
ball  a  to  which  the  line  or  filk  cord  h  is  faflened 
at  one  end  *,  and  having  made  a  loop  on  the  other 
end  of  the  cord,  put  the  loop  over  a  pin  fixt  in 
the  center  of  the  board  d»  Then,  turning  the 
winch  B  to  give  the  board  a  whirling  motion,  you 
will  fee  that  the  bail  does  not  immediately  begin  to‘ 
move  with  the  board  j  but,  on  account  of  its  in-  ' 
adtivity,  endeavours  to  continue  in  the  ft  ate  of  reft 
which  it  was  in  before.—Continue  turning,  until 
the  board  communicates  an  equal  degree  of  motion 
with  its  own  to  the  ball,  and  then  turning  on,  you 
will  perceive  that  the  ball  will  remain  upon  one 
part  of  the  board,  keeping  the  fame  velocity  with 
it,  and  having  no  relative  motion  upon  it :  as  is 
the  cafe  with  every  thing  that  lies  loofe  upon  the.- 
plane  fnrface  of  the  earth,  which  having  the  mo-^ 
tion  of  the  earth  communicated  to  it,  never  en¬ 
deavours  to  remove  from  that  place.  But  ftop 
the  board  fuddenly  by  hand,  and  the  ball  will 
go  on,  and  continue  to  revolve  upon  the  board,  ' 
until  the  fridlion  thereof  flops  its  motion  :  which 
fhews,  that  matter  being  once  put  into  mo¬ 
tion,  would  continue  to  move  for  ever,  if  it  met 
with  no  rcfiftance.  In  like  manner,  if  a  perfon 
ftands  upright  in  a  boat  before  it  begins  to  move, 
he  can  ftand  firm  5  but  the  moment  the  boat  fets 

off,. 
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off,  he  is  rn  danger  of  falling  towards  that  place 
which  the  boat  departs  from  :  becaufe,  as  matter, 
he  has  no  natural  propenficy  to  move.  But,  when 
he  acquires  the  motion  of  the  boat,  let  it  be  ever 
fo  fwift,  if  it  be  fmooth  and  uniform,  he  whll  ftand 
as  upright  and  firm  as  if  he  was  on  the  plane  fliore:- 
and  if  the  boat  flrike  againfi:  any  obftacle,  he  will 
fall  towards  that  obflacle  *,  on  account  of  the  pro- 
penfity  he  has,  as  matter,  to  keep  the  motion  which 
the'  boat  has  put  him  into. 

2.  Take  away  this  ball,  aud  put  a  longer  cord 
to  it,  which  may  be  put  down  through  the  hollow 
axis  of  the  bearer  MX  and  wheel  G,  and  fix  a 
weight  to  the  end  of  the  cord  below  the  machine ; 
which  weight,  if  left  at  liberty,  will  draw  the  ball 
from  the  edge  of  the  whirling  board  to  its  center. 

Draw  oft  the  ball  a  little  from  the  center,  and  Jodies  mo* 
turn  the  winch  \  then  the  ball  v/ill  go  round  and  bit?havra 
round  with  the  board,  and  will  gradually  fly  off 
farther  and  farther  from  the  center,  and  raife  up  tifeorbits. 
the  weight  below  the  machine  :  v/hich  fliews  that 
all  bodies  revolving  in  circles  have  a  tendency  to 
fly  off  from  thefe  circles,  and  mufl  have  fome  power 
adting  upon  them  from  the  center  of  motion,  to 
keep  them  from  fo  flying  off.  Stop  the  machine, 
and  the  ball  will  continue  to  revolve  for  fome  time 
upon  the  board ;  but  as  the  fridlion  gradually  flops 
its  motion,  the  weight  adting  upon  it  will  bring  it 
nearer  and  nearer  to  the  center  in  every  revolution, 
until  it  brings  it  quite  thither.  This  fhews,  that 
if  the  planets  met  with  any  refiftance  in  going 
round  the  fun,  its  attradlive  pov/er  would  bring 
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them  nearer  and  nearer  to  it  in  every  revolution,  i 
until  they  fell  into  it.  | 

3.  Take  hold  of  the  cord  below  the  machiht  1 
with  one  hand,  and  with  the  other  throw  the  ball 
upon  the  round  board  as  it  were  at  right  angles  to  1 
the  cord,  by  which  means  it  will  go  round  and 
round  upon  the  board.  Then,  obferving  with  j 
what  velocity  it  moves,  pull  the  cord  below  the  | 
machine,  which  will  bring  the  ball  nearer  to  the  \ 
center  of  the  board,  and  you  will  fee  that  the  nearer  ' 
the  ball  is  drawn  to  the  center,  the  fafter  it  will  I 
revolve  ;  as  thofe  planets  which  are  neareft  the  fun 
revolve  fafter  than  thofe  which  are  more  remote ;  j 
and  not  only  go  round  fooner,  becaufe  they  defcribe  j 
fmaller  circles,  but  even  move  fafter  in  every  part  : 
of  their  refpe£five  circles. 

4.  Take  away  this  ball,  and  apply  the  bearer  | 
MX^  whofe  center  of  motion  is  in  its  middle  at  \ 

dire6lly  over  the  center  of  the  v/hirling  board  i 
d.  Then,  put  two  balls  {U  and  V)  of  equal 
weights  upon  their  bearing  wires,  and  having  fixed  . 
them  at  equal  diftances  from  their  refpe<ftive  cen¬ 
ters  of  motion  w  and  x  upon  their  fiik  cords,  by  i 
the  fcrew  nuts,  put  equal  weights  in  the  towers  O 
and  P.  Laftly,  put  the  catgut  ftxfings  E  and  F  \ 
upon  the  grooves  G  and  which,  being  of  equal 
diameters,  will  give  equal  velocities  to  the  bearers 
above,  when  the  winch  B  is  turned  :  and  the  balls 
V  and  V  will  fly  off  towards  M  and  N  \  and  wflll  | 
raife  the  weigfhts  in  the  towers  at  the  fame  inftant. 
I'his  fliews,  that  when  bodies  of  equal  quantities 
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of  matter  revolve  in  equal  circles  with  equal  velo¬ 
cities,  their  centrifugal  forces  are  equal. 

5.  Take  away  thefe  equal  balls,  and  inllead  of 
them,  put  a  ball  of  fix  ounces  into  the  bearer  MX, 
at  a  fixth  part  of  the  diftance  wz  from  the  center; 
and  put  a  bail  of  one  ounce  into  the  oppofite  bear¬ 
er,  at  the  whole  diftance  xjy,  which  is  equal  to 
from  the  center  of  the  bearer*,  and  fix  the 
balls  at  thefe  diftances  on  their  cords,  by  the  ferew 
nuts  at  top :  then  the  ball  Z7,  which  is  fix  times  as 
heavy  as  the  ball  X,  will  be  at  only  a  fixth  part  of 
the  diftance  from  its  center  of  motion  ;  and  confe- 
quently  will  revolve  in  a  circle  of  only  a  fixth  part 
of  the  circumference  of  the  circle  in  which  V  re¬ 
volves.  Now,  let  any  equal  weights  be  put  into 
the  towers,  and  the  machine  turned  by 'the  winch; 
which,  (as  the  catgut  firing  is  on  equal  wheels  be¬ 
low)  will  caufe  the  balls  to  revolve  in  equal  times ; 
but  V  will  move  fix  times  as  faft  as  Uy  becaufe  it 
revolves  in  a  circle  of  fix  times  its  radius ;  and 
both  the  weights  in  the  towers  will  rife  at  once. 

This  ftiews,  that  the  centrifugal  forces  of  revol¬ 
ving  bodies  (or  their  tendencies  to  fly  off  from  the 
circles  they  deferibe)  are  in  diredt  proportion  to 
their  quantities  of  matter  multiplied  into  their  re- 
Tpedlive  velocities  *,  or  into  their  diftances  from  the 
centers  of  their  refpedlive  circles.  For,  fuppofing 
Uy  which  weighs  6  ounces,  to  be  two  inches  frorq 
its  center  of  motion  w  *,  the  weight  multiplied  by 
the  diftance  is  12 :  and  fuppofing  Vy  which  weighs 
only  one  ounce,  to  be  12  inches  diftant  from  its 
center  of  motion  x,  the  weight  i  ounce  multiplied 
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by  the  diftance  12  inches  is  12.  And  as  they  re¬ 
volve  in  equal  times,  their  velocities  are  as  their 
diftances  from  the  center,  namely,  as  i  to  6. 

If  thefe  two  balls  be  fixed  at  equal  dillances 
from  their  refpe6live  centers  of  motion,  they  will 
move  with  equal  velocities  *,  and  if  the  tower  O 
haj  6  times  as  much  weight  put  into  it  as  the  tower 
P  has  ;  the  balls  will  raife  their  weights  exadlly  at  j 
the  fame  moment.  This  fliews  that  the  ball  U  be- 
'  ing  fix  times  as  heavy  as  the  ball  F,  it  has  fix. 

times  as  much  centrifugal  force,  in  defcribing  an 
.equal  circle  with  an  equal  velocity. 

A  double  5^  If  bodies  of  equal  weights  revolve  in  equal 

velocity  in'  .  ,  .  ,  /  ,  .  r  ,  .  t  i  i 

the  fame  circies  v/itii  Unequal  velocities,  their  centriiugal  ! 
arcie,  is  a  as  the  fquarcs  of  the  velocities.  To 

fo  3p  * 

quadruple'  provc  thls  law  bv  an  experinaent,  let  two  balls  U 
power  of  y  equal  weights  be  fixed  on  their  cords  at 

gravity.  ^  ^  . 

equal  diftances  from  their  refpedtive  centers  of 
motion  zv  and  x ;  and  then,  let  the  catgut  firing  j 
E  be  put  round  the  wheel  K,  (whofe  ci/rcumference 
is  only  one  half  of  the  circumference  of  the  wheel 
H  or  G)  and  over  the  pulley  s  to  keep  it  tight  : 
and  let  four  times  as  much  weight  be  put  into  the 
tower  P,  as  in  the  tower  O.  Then,  turn  the 
winch  P,  and  the  ball  V  will  revolve  twice  as  faft 
as  the  ball  f/,  in  a  circle  of  the  fame  diameter,  , 
hecaufe  they  are  equidiftant  from  the  centers  of  the 
circles  in  which  they  revolve;  and*  the  weights  in 
the  towers  will  both  rife  at  the  fame  inftant,  which 
fhews-'that  a  double  velocity  in  the  fame  circle  will 
cxacf  ly  balance  a  quadruple  power  of  attradion  at 
the  center  of  the"' circle.  For  the  weights  in  the 
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towers  may  be  confidered  as  the  attradive  forces  in 
the  centers,  ading  upon  the  revolving  balls ;  which, 
moving  in  equal  circles,  is  the  fame  thing  as  if  they 
both  moved  in  one  and  the  fame  circle.  Confe- 
quently,  if  the  planets  had  moved  twice  as  iafl: 
round  the  fun  as  they  do,  the  fun’s  attradion  mull 
have  been  four  times  as  great  as  it  now  is,  to  have 
retained  the  planets  in  their  orbits.  So  that  the 
fun  mud  have  either  been  four  times  as  big  as  he 
nov/  is,  or  four  times  as  denfe  under  the  fame  bulk 
he  now  has,  or  four  times  as  far  from  the  common 
center  of  gravity  of  the  whole  fyllem  as  he  now 
is,  in  order  to  have  preferved  a  jud  balance  between 
the  attradive  and  projedile  forces. 

7.  If  bodies  of  equal  weights  revolve  in  un- Kepkr^ 
equal  circles,  in  fuch  a  manner  that  the  fquares  of 
the  times  of  their  going  round  are  as  the  cubes  of 
their  didances  from  the  centers  of  the  circles  they - 
defcribe  ;  their  centrifugal  forces  are  inverfely 
as  the  fquares  of  their  di dances  from  thofe  centers.. 

For,  the  catgut  dririg  remaining  a-s  in  the  lad  ex¬ 
periment,  let  the  didance  of  the  ball  V  from  the 
center  x  be  made  equal  to  two  of  the  crofs  divifions 
on  its  bearer;  and  the  didance  of  the  ball  U  from- 
the  center  zv  be  three  and  a  fixth  part;  the  balls 
themfelves  being  of  equal  weights,  and  V  making 
'  two  revolutions,  by  turning  the  winch,  in  the  time 
that  U  makes  one :  fo  that  if  we  fuppofe  the  ball' 

V  to  revolve  in  one  moment,  the  ball  U  will  re¬ 
volve  in  two  moments,  the  fquares  of  which  are 
one  and  four:  for  the  fquare  of  i  is  only  i,  and 
the  fquare  of  2  is  4 ;  therefore,  the  fquare  of  the- 
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period  or  revolution  of  the  ball  V  is  contained 
four  times  in  the  fquare  of  the  period  of  the  ball 
t7.  But  the  diftance  of  V  is  2,  the  cube  of  which 
is  8,  and  the  diftance  of  U  is  3-^,  the  cube  of 
which  is  32  very  nearly;  in  which  8  is  contained 
four  times :  and  therefore,  the  fquares  of  the  pe¬ 
riods  of  V  and  U  are  to  one  another  as  the  cubes  of 
their  diftances  from  x  and  which  are  the  centers 
of  their  refpe6live  circles.  And  if  the  weight  in 
the  tower  O  be  four  ounces,  equal  to  the  fquare  of 
2,  the  diflance  of  V  from  the  center  x ;  and  the 
weight  in  the  tower  P  lo  ounces,  nearly  equal  to 
the  fquare  of  3-g-,  the  diftance  of  U  from  w ;  it 
will  be  found  upon  turning  the  machine  by  the 
winch,  that  the  balls  U  and  V  will  raife  their  ref- 
pedlive  weights  very  nearly  at  the  fame  inftant  of 
time.  Which  confirms  that  famous  propofition  of 
KEPLER,  viz.  that  the  fquares  of  the  perio¬ 
dical  times  of  the  planets  round  the  fun  are  in  pro¬ 
portion  to  the  cubes  of  their  diftances  from  him  ; 
and  that  the  fun’s  attradion  is  invcr'fely  as  the 
fquare  of  the  diftance  from  his  center  :  that  is,  at 
twice  the  diftance  his  attradtion  is  four  times  lefs  ; 
and  thrice  the  diftance,  nine  times  lefs  ;  at  four 
times  the  diftance,  fixteen  times  lefs ;  and  fo  on, 
to  the  remot^ft  parts  of  the  fyftem. 

8.  Take  off  the  catgut  ftring  E  from  the  great 
wheel  Z)  and  the  fmall  wheel  Z/,  and  let  the  ftring 
F  remain  upon  the  wheels  B  and  G.  Take  away 
affo  the  bearer  MX  from  the  whirling-board  and 
jfift^ad  thereof  put  the  machine  AB  upon  it,  fix¬ 
ing  this  machine  to  the  center  of  the  board  by 
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the  pins  c  and  in  fuch  a  manner,  that  the  end 
ef  may  rife  above  the  board  to  an  angle  of  30  or 
40  degrees.  In  the  upper  fide  of  this  machine  there  Th$  abfur- 
are  two  glafs  tubes  a  and  clofe  flopt  at  both 
ends  *,  and  each  tube  is  about  three  quarters  full  of  vortexes, 
water.  In  the  tube  a  h  z  little  quickfilver,  which 
naturally  falls  down  to  the  end  a  in  the  water,  be- 
caufe  it  is  heavier  than  its  bulk  of  water ;  and  on 
the  tube  is  a  fmall  cork  which  floats  upon  the  top 
of  the  water  at  becaufe  it  is  lighter  *,  and  is 
fmall  enough  to  have  liberty  to  rife  or  fall  in  the 
tube.  While  the  board  h  with  this  machine  upon 
it  continues  at  reft,  the  quickfilver  lies  at  the  bot¬ 
tom  of  the  tube  and  the  cork  floats  on  the  wa¬ 
ter  near  the  top  of  the  tube  h.  But,  upon  turning 
the  winch,  and  putting  the  machine  in  motion, 
the  contents  of  each  tube  will  fly  off  towards  the 
uppermofl;  ends  (which  are  farthefl:  from  the  center 
of  motion)  the  heaviefl:  with  the  greatefl;  force. 
Therefore,  the  quickfilver  in  the  tube  a  will  fly 
off  quite  to  the  end  /,  and  occupy  its  bulk  of 
fpace  there,  excluding  the  water  from  that  place, 
becaufe  it  is  lighter  than  quickfilver  \  but  the  wa¬ 
ter  in  the  tube  h  flying  off  to  its  higher  end  wi]i 
exclude  the  cork  from  that  place ;  and  caufe  the 
cork  to  defcend  towards  the  lowermofl:  end  of  the 
tube,  where  it  will  remain  upon  the  loweft  end  of 
the  water  near  h  ,  for  the  heavier  body  having  the 
greater  centrifugal  force,  will  therefore  poflTefs  the 
uppermofl:  part  of  the  tube  ;  and  the  lighter  body 
will  keep  between  the  heavier  and  the  lowermofl: 
part, 
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This  demonftrates  the  abfurdity  of  the  Cartefian 
do6lrine  of  the  planets  moving  round  the  fun  in 
vortexes  :  for,  if  the  planet  be  more  denfe  or 
heavy  than  its  bulk  of  the  vortex,  it  will  fly  off 
therein,  farther  and  farther  from  the  fun  ;  if  Icfs 
denfe,  it  will  come  down  to  the  lowefi:  part  of  the 
vortex,  at  the  fan  :  and  the  whole  vortex  itfelf 
mufl:  be  furrounded  with  fomething  like  a  great 
,  wall,  otherwife  it  would  fly  quite  off,  planets  and 
all  together.  — But  while  gravity  exifls,  there  is  no 
occafion  for  fuch  vortexes  *,  and  when  it  ceafes  to 
exiil,  a  (lone  thrown  upwards  will  never  return  to 
the  earth  again.  ^ 

If  one  bo-  q.  If  a  body  be  fo  placed  upon  the  w^hirling- 
board  of  the  machine  (Fig.  j.)  that  the  center  of 
ther,  both  gravity  of  the  body  be  diredlly  over  the  center  of 
rnurtmove  the  board,  and  the  board  be  put  into  ever  fo  rapid 
round  tbeir^  motion  by  the  winch  the  body  will  turn  round 
center  of  with  the  board,  but  will  not  remove  from  the  mid- 
gravity,  parts  of  the  body  are  in  equi- 

//^nk  round  its  center  of  gravity,  and  the  center  of 
gravity  is  at  reft  in  the  center  of  motion,  the  cen¬ 
trifugal  force  of  all  parts  of  the  body  will  be  equal 
at  equal  diftances  from  its  center  of  motion  •,  and 
therefore  the  body  will  remain  in  its  place.  But 
if  the  center  of  gravity  be  placed  ever  fo  little  out 
of  the  center  of  motion,  and  the  machine  be  turn¬ 
ed  fwiftly  round,  the  body  will  fly  off  towards 
that  fide  of  the  board  on  which  its  center  of  gra- 
Flg.  4.  vity  lies.  Thus,  if  the  wire  C  with  its  little  ball 
B  be  taken  av/ay  from  the  demi-globe  yf,  and  the 
flat  fide  ef  of  this  demi  globe  be  laid  upon  the 
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whirling-board  of  the  machine,  fo  as  their  centers 
may  coincide  3  if  then  the  board  be  turned  ever  fo 
quick  by  the  winch,  the  demi-globe  will  remain 
where  it  was  placed.  But  if  the  wire  C  be  fcrewed 
into  the  demi-globe  at  the  whole  becomes  one 
body,  whofe  center  of  gravity  is  now  at  or  near  d. 

Let  the  pin  c  be  fixed  in  the  center  of  the  whirling- 
board,  and  the  deep  groove  b  cut  in  the  flat  fide 
of  the  demi-globe  be  put  upon  the  pin,  fo  as  the 
pin  may  be  in  the  center  of  [See  Fig.  5.  where  Fig.  5. 

this  groove  is  reprefented  at  and  let  the  whirl¬ 
ing  board  be  turned  by  the  winch,  which  will  carry 
the  little  ball  B  (Fig.  4.)  with  its  wire  C,  and  the 
demi-globe  yf,  all  round  the  center- pin  ci  and 
then,  the  centrifugal  force  of  the  little  ball  By 
which  weighs  only  one  ounce,  will  be  fo  great,  as 
to  draw  off  the  demi-globe  A^  which  weighs  two 
pounds,  until  the  end  of  the  groove  at  e  ftrikes 
againfl:  the  pin  c,  and  fo  prevents  A  from  going 
any  farther:  otherwife,  the  centrifugal  force  of  B 
'would  have  been  great  enough  to  have  carried  A 
quite  off  the  whirling-board.  Which  fliews,  that 
if  the  fun  were  placed  in  the  very  center  of  the 
orbits  of  the  planets,  it  could  not  pofTibly  remain 
there  3  for  the  centrifugal  forces  of  the  planets 
would  carry  them  quite  olf,  and  the  fun  with  them  ; 
efpecially  whdn  feveral  of  them  happened  to  be  in 
any  one  quarter  of  the  heavens.  For  the  fun  and 
planets  are  as  much  conne6led  by  the  mutual  at¬ 
traction  that  fubfifls  between  them,  as  the  bodies 
A.  and  B  are  by  the  wire  C  which  is  fixed  into 
them  both.  And  even  if  there  were  but  one  Angle 
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planet  in  the  whole  heavens  to  go  round  ever 
large  a  fun  in  the  center  of  its  orbit,  its  centrifugal 
force  would  foon  carry  off  both  itfelf  and  the  fun. 
For,  the  greateft  body  placed  in  any  part  of  free 
fpace  could  be  eafiiy  moved  :  becaufe  if  there  were 
no  other  body  to  attradl  it,  it  conid  have  no  weight 
or  gravity  of  itfelf ;  and  coniequently,  though  it 
could  have  no  tendency  of  itfelf  to  remove  from 
that  part  of  fpace,  yet  it  might  be  very  eahly  mo¬ 
ved  by  any  jDther  fubftance. — And  perhaps  it  was 
this  confideration  which  made  *the  celebrated 
ARCHIMEDES  fay,  that  if  he  had  a  proper  place 
at  fome  diftance  from  the  earth  whereon  to  fix  his 
machinery,  he  could  move  the  whole  earth. 

lo.  As  the  centrifugal  force  of  the  light  body 
B  Vill  not  allow  the  heavy  body  A  to  remain  in  the 
center  of  motion,  even  though  it  be  24  times  hea- 
Fig.  6.  vier  than  B ;  let  us  now  take  the  ball  A  (Fig.  6.) 
which  weighs  only  6  ounces,  and  connedl  it  by  the 
wire  C  with  the  ball  j5,  which  weighs  only  one 
ounce  *,  and  let  the  fork  E  be  fixed  into  the  center 
of  the  whirling-board  :  then,  hang  the  balls  upon 
the  fork  by  the  wire  C  in  fuch  a  manner,  that  they 
may  cxadtly  balance  each  other  *,  which  will  be 
when  the  center  of  gravity  between  them,  in  the 
wire  at  d,  is  fupported  by  the  fork.  And  this 
center  of  gravity  is  as  much  nearer  to  the  center 
of  the  ball  A,  than  to  the  center  of  the  ball  as 

A  is  heavier  than  5,  allowing  for  the  weight  of 
the  wire  on  each  fide  of  the  fork.  This  done,  let 
the  machine*  be  put  into  motion  by  the  winch  ^ 
and  the  bails  A  and  B  will  go  round  their  common 

center 
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I  center  of  gravity  keeping  their  balance^  be- 
I  caufe  either  will  not  allow  the  other  to  fly  off  with 
I  it.  For,  fuppofing  the  ball  B  to  be  only  one 
I  ounce  in  weight,  and  the  ball  A  to  be  fix  ounces ; 

I  then,  if  the  wire  C  were  equally  heavy  on  each 
I  fide  of  the  fork,  the  center  of  gravity  d  would  be 
I  fix  times  as  far  from  the  center  of  the  ball  B  as 
[  from  the  center  of  the  ball  A.,  and  confequently 
i  B  will  revolve  with  a  velocity  fix  times  as  great  as 
A  does  *,  which  will  give  B  fix  times  as  much  cen¬ 
trifugal  force  as  any  Angle  ounce  of  A  has :  but 
then,  as  B  is  only  one  ounce,  and  A  fix  ounces, 
the  whole  centrifugal  force  of  A  will  exadtly  ba¬ 
lance  the  whole  centrifugal  force  of  B  :  and  there¬ 
fore,  each  body  will  detain  the  other  fo  as  to  make 
it  keep  in  its  circle.  This  fhews  that  the  fun  and 
planets  muff  all  move  round  the  common  center  of 
gravity  of  the  whole  fyflem,  in  order  to  preferve 
thatjufl:  balance  which  takes  place  among  them.  For, 
the  planets  being  as  una6live  and  dead  as  the  above 
I  balls,  they  could  no  more  have  put  themfelves  into 
.  motion  than  thefe  balls  can  :  nor  have  kept  in 
i  their  orbits  without  being  balanced  at  Aril  with  the 
greatefl:  degree  of  exadtnefs  upon  their  common 
j  center  of  gravity,  by  the  Almighty  hand  that  made, 
j  them  and  put  them  in  motion. 

I  Perhaps  it  may  be  here  afked,  fince  'thefe  balls 
I  cannot  go  round  unlefs  their  center  of  gravity  be 
j  fupported  by  the  prop  or  fork  E  ;  what  prop  it  is 
I  that  fupports  the  center  of  gravity  of  the  folar 
[  fyftem,  and  confequently  bears  the  weight  of  all 
the  bodies  in  it  ^  and  by  what  the  prop  itfelf'is 
I  fjpported  ? 
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fupported  ?  The  anfwcr  is  eafy  and  plain  ;  for  the 
center  of  gravity  of  our  balls  mu  ft  be  fupported, 
becaufe  they  gravitate  towards  the  earth,  and  would 
therefore  fall  to  it:  but  as  the  Tun  and  planets 
gravitate  only  towards  one  another,  they  have  no¬ 
thing  elfe  to  fall  to ;  and  therefore  have  no  occa- 
fion  for  any  thing  to  fupport  their  common  center 
of  gravity  :  and  if  they  did  not  move  round  that 
center,  and  confequently  acquire  a  tendency  to  fly 
off  from  it  by  their  motions,  their  mutual  at- 
tradlions  would  foon  bring  them  together;  and  fo 
the  whole  would  become  one  mafs  in  the  fun  : 
which  would  alfo  be  the  cafe  if  their  velocities 
round  the  fun  were  not  quick  enough  to  create  a 
centrifugal  force  equal  to  the  fun’s  attraction. 

*But  after  all  this  nice  adjuftmenf,  it  appears  evi¬ 
dent  that  the  Deity  cannot  withdraw  his  regulating 
hand  from  his  works,  and  leave  , them  to  be  folely 
governed  by  the  laws  which  he  has  impreft  upon 
them  at  firft.  For  if  he  would  leave  them  fo,  their  or¬ 
der  would  in  time  come  to  an  end  ;  becaufe  the  pla¬ 
nets  mull  neceffarily  difturb  one  another’s  motions 
by  their  mutual  attradlions,  when  feveral  of  them 
are  in  the  fame  quarter  of  the  heavens  *,  as  is  often 
the  cafe  :  and  then,  as  they  will  attract  the  fun 
more  towards  that  quarter  than  when  they  are  in  a 
manner  difperfed  equably  around  him,  if  he  w^as 
not  at  that  time  made  to  deferibe  a  portion  of  a 
larger  circle  round  the  common  center  of  gravity, 
the  balance  would  be  deftroyed ;  and  as  it  could 
never  reftore  itfelf  again,  the  whole  fyftem  would 
begin  to  fall  together,  and  would  in  time  unite  in 

a  mafs 


Of  central  forces, 

a  mafs  at  the  fun.  —  Of  this  diflurbance  we  have  a 
very  remarkable  inftance  in  the  comet  which  now 
appears  •,  and  which,  in  going  laft  up  from  the 
fun,  went  fo  near  to  Jupiter,  and  was  fo  affedled  by 
his  attraflion,  as  to  have  the  figure  of  its  orbit 
much  changed  *,  and  not  only  fo,  but  to  have  its 
1  period  altered,  and  its  courfe  to  be  different  in  the 
I  heavens  from  what  it  was  before. 

I  II.  Take  away  the  fork  and  balls  from  the  Fig. 
whirling-board,  and  place  the  trough  AB  thereon, 
fixing  its  center  to  the  center  of  the  whirling-board 
by  the  pin  //.  In  this  trough  are  two  balls  D  and 
Ey  of  unequal  weights,  connedted  by  a  wire/; 
and  made  to  Aide  eafily  upon  the  wire  C  flretched 
from  end  to  end  of  the  trough,  and  made  fafe  by 
nut-ferews  on  the  outfide  of  the  ends.  Let  thefe 
balls  be  fo  placed  upon  the  wire  C,  that  their  com¬ 
mon  center  of  gravity  g  may  be  diredlly  over  the 
center  of  the  whirling-board.  Then,  turn  the 
machine  by  the  winch,  ever  fo  fwiftly,  and  the 
trough  and  balls  will  go  round  their  center  of  gra¬ 
vity  fo  as  neither  of  them  will  fly  off ;  becaufe,  on 
account  of  the  equilibrium, '  each  ball  detains  the 
other  with  an  equal  force  adling  againfl  it.  But . 
if  the  ball  E  be  drawn  a  little  more  towards  the 
end  of  the  trough  at  Ay  it  will  remove  the  center 
of  gravity  towards  that  end  from  the  center  of  mo¬ 
tion  ;  and  then,  upon  turning  the  machine,  the 
little  ball  E  will  fly  off,  and  ftrike  with  a  confider-* 
able  force  againfl  the  end  Ay  and  draw  the  great 
ball  B  into  the  middle  of  the  trough.  Or,  if 
the  great  ball  D  be  drawn  to.wards  the  end  B  of 
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the  trough,  fo  that  the  center  of  gravity  may  be  a 
little  towards  that  end  from  the  center  of  motion, 
and  the  machine  be  turned  by  the  winch,  the  great 
ball  D  will  fly  off,  and  flrike  violently  againft  the 
end  B  of  the  trough,  and  will  bring  the  little  ball 
E  into  the  middle  of  it.  If  the  trough  be  not 
made  very  ftrong,  the  ball  D  will  break  through 
it. 

12.  The  reafon  why  the  tides  rife  at  the  fame 
abfolute  time  on  oppofite  fides  of  the  earth,  and 
confequently  in  oppofite  diredlions,  is  made  abun¬ 
dantly  plain  by  a  new  experiment  on  the  whirling- 
table.  The  caufe  of  their  rifing  on  the  fide  next 
the  moon  every  one  undcrflands  to  be  owing  to  the 
ri^oon’s  attraction  :  but  why  they  fhould  rife  on 
the  oppofite  fide  at  the  fame  time,  where  there  is 
no  moon  to  attraCf  them,  is  perhaps  not  fo  gene¬ 
rally  underflood.  For  it  would  feem  that  the  moon 
fhould  rather  draw  the  waters  (as  it  were)  clofcr  to 
that  fide,  than  raife  them  upon  it,  direClly  contrary 
to  her  attractive  force.  Let  the  circle  ahcd  re- 
prefent  the  earth,  with  its  fide  c  turned  toward  the 
moon,  which  will  then  attraCl  the  waters'  fo,  as  to 
raife  them  from  c  to  g.  But  the  queflion  is,  why 
fhould  they  rife  as  high  at  that  very  time  on  the 
oppofite  fide,  from  a  to  e  P  In  order  to  explain 
this,  let  there  be  a  plate  AB  fixed  upon  one  end 
of  the  flat  bar  DCj  with  fuch  a  circle  drawn  upon 
it  as  ahcd  (in  Fig.  8.)  to  reprefent  the  round 
figure  of  ’ the  earth  and  fea  ;  and  fuch  an  ellipfis  as 
defg  to  reprefent  the  fwelling  of  the  tide  at  e  and 

occafioned  by  the  influence  of  the  moon.  Over 
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this  plate  AB  \e,t  the  three  ivory  balls  /, 
be  hung  by  the  filk  lines  /,  faftcned  to  the  tops 
of  the  crooked  wires  /,  X,  in  fuch  a  manner  that 
the  ball  at  e  may  hang  freely  over  the  fide  of  the  • 
circle  which  is  fartheft  from  the  moon  (at  the 
other  end  of  the  bar ;)  the  bail  at  /  may  hang  freely 
over  the  center,  and  the  ball  at  g  hang  over  the 
fide  of  the  circle which  is  neareft  the  moon.  The 
ball  f  may  reprefent  the  center  of  the  earth,  the 
ball  g  fome  water  on  the  fide  next  the  moon,  and 
the  ball  e  fome  water  on  the  oppofite  fide.  On  the 
back  of  the  moon  M  is  fixt  the  Ihort  bar  N  pa¬ 
rallel  to  the  horizon,  and  there  are  three  holes  in 
it  above  the  little  weights  />,  j,  r.  A  filk  thread  o 
is  tied  to  the  line  k  ciofe  above  the  ball  g^  and 
palling  by  one  fide  of  the  moon  Af,  goes  through 
a  hole  in  the  bar  and  has  the  weight  p  hung 
to  it.  Such  another  thread  n  is  tied  to  the  line  4 
elofe  above  the  ball/,  and  palTing  through  the 
center  of  the  moon  M  and  middle  of  the  bar 
has  the  weight  q  hung  to  it,  which  is  lighter  thaa 
the  weight  p,  A  third  thread  m  is  tied  to  the  line 

ciofe  above  the  ball  and  paffing  by  the  other 
fide  of  the  moon  M,  through  the  bar  has  the 
weight  r  hung  to  it,  which  is  lighter  than  the 
weight  q. 

The  ufe  of  thefe  three  unequal  weights  is  to  re- 
prefent  the  moon’s  unequal  attradion  at  different 
diftances  from  her.  With  whatever  force  Ihe  at¬ 
tracts  the  center  of  the  earth,  fhe  attracts  the  fide 
next  her  with  a  greater  degree  of  force,  and  the 
fide  fartheft  from  her  with  a  lefs.  So,  if  the 

weights 
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weights  are  left  at  liberty,  they  will  draw  all  the 
three  balls  towards  the  moon  with  different  degrees 
of  force  *,  and  caufe  them  to  make  the  appearance 
Fig.  lo.  Ihewn  in  Fig.  lo;  by  which  means  they  are  evi¬ 
dently  farther  from  each  other  than  they  would  be 
if  they  hung  at  liberty  by  the  lines  becaufe 

the  lines  would  then  hang  perpendicularly.  This 
fhews,  that  as  the  moon  attrafts  the  fide  of  the 
earth  which  is  neareil  her  with  a  greater  degree  of 
force  than  flie  does  the  center  of  the  earth,  Ihe  will 
draw  the  water  on  that  fide  more  than  fhe  draws  the 
center,  and  fo  caufe  it  to  rife  on  that  fide  :  and  as 
fhe  draws  the  center  more  than  flie  draws  the  op- 
pofite  fide,  the  center  will  recede  farther  from  the 
furface  of  the  water  on  that  oppofite  fide,  and  fo 
leave  it  as  high  there  as  flie  railed  it  on  the  fide  next 
to  her.  For,  as  the  center  v;ill  be  in  the  middle 
between  the  tops  of  the  oppofite  elevations,  they 
muft  of  courfe  be  equally  high  on  both  fides  at  the 
fame  time. 

But  upon  this  fuppolition  •  the  earth  and  moon 
would  foon  come  together  :  and  to  be  fare  they 
would,  if  they  had  not  a  motion  round  their  com¬ 
mon  center  of  gravity,  to  create  a  degree  of  centri¬ 
fugal  force  fufficicnc  to  balance  their  mutual  at- 
tradlion.  This  motion  they  have  *,  for  as  the 
moon  goes  round  her  orbit  every  month,  at  the 
.  diftance  of  240000  miles  from  the  earth’s  center, 
and  of  234000  miles  from  the  center  of  gravity 
of  the  earth  and  moon,  fo  does  the  earth  go  round 
the  fame  yentcr  of  gravity  every  month  at  the 
diftance  of  6000  miles  from  it  j  that  is,  from  it 

to 
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to  the  center  of  the  earth.  Now  as  the  earth  is 
(in  round  numbers)  8000  miles  in  diameter,  it  is 
plain  that  its  fide  next  the  moon  is  only  2000  miles 
from  the  common  center  of  gravity  of  the  earth 
and  moon  ;  its  center  6000  miles  diftant  therefrom, 
and  its  farthefl:  fide  from  the  moon  10000.  There-* 
fore  the  centrifugal  forces  of  thefe  parts  are  as 
2000,  6000,  and  10000,  that  is,  the  centrifugal 
force  of  any  fide  of  the  earth  when  it  is  turned 
from  the  moon  is  five  times  as  great  as  when  it 
is  turned  towards  the  moon*  And  as  the  moon’s 
attraftion  (exprefl  by  the  number  6000)  at  the 
earth’s  center  keeps  the  earth  from  flying  out  of 
this  monthly  circle,  it  muft  be  greater  than  the 
'centrifugal  force  of  the  waters  next  her,  and  con- 
fequently  fufficient  to  raife  them  ;  but  as  her  at- 
tradion  on  the  oppofite  fide  is  lefs  than  the  centric 
fugal  force  of  the  water  there,  the  excefs  of  this 
force  is  fufficient  to  raife  the  water  juft  as  high  on 
the  oppofite  fide.— To  prove  this  experiment- Fi 
ally,  let  the  bar  JDC  with  its  furniture  be  fixed 
upon  the  whirling-board  of  the  machine  (Fig.  i*) 
by  pufhing  the  pin  P  into  the  center  of  the  board  *, 
which  pin  is  in  the  center  of  gravity  of  the  whole 
bar  with  its  three  balls  and  moon  M.  Now, 

if  the  whirling- board  and  bar  be  turned  flowly 
round  by  the  winch,  until  the  ball  /  hangs  over 
^  the  center  of  the  circle,'  as  in  Fig.  ii.  the  ball  ^ 
will  be  kept  towards  the  moon  by  the  heavieft 
weight  /),  (Fig.  9.)  and  the  ball  on  account  of 
i  its  greater  centrifugal  force,  and  the  lefTer  weight 
;  r,  will  fly  off  as  far  to  the  other  fide,  as  in  Fig.  i  r. 

£  And 
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And  ib,  whilft  the  machine  is  kept  turning,  the  * 
balls  e  and  g  will  hang  over  the  end^  of  the  el- 
lipfis  Ifk.  So  that  the  centrifugal  force  of  the 
ball  e  will  exceed  the  moon’s  attrad:ion  juft  as 
much  as  her  attraction  exceeds  the  centrifugal  force 
of  the  ball  g^  whilft  her  attraction  juft  balances 
the  centrifugal  force  of  the  ball  /  and  makes  it 
keep  in  its  circle.  And  hence  it  is  evident  that 
the  tides  muft  rife  to  equal  heights  at  the  fame  time 
on  oppofite  fides  of  the  earth.  This  experiment, 
to  the  belt  of  my  knowledge,  is  entirely  new. 

Theearth’s  From  the  principles  thus  eftablifhed,  it  is  evident 

motion  de-  111  j  1  r  1  1 

monftm-  that  the  earth  moves  round  the  Jun,  and  not  the 

fun  round  the  earth  :  for  the  centrifugal  law  will  ! 
never  allow  a  great  body  to  move  round  a  fmall 
one  in  any  orbit  whatever  ;  ef^cially  when  we  find 
'that  if  a  fmall  body  moves  round  a  great  one,  the  i 
great  one  muft  alfo  moW  round  the  common  cen-  r 
ter  of  gravity  between  them  two.  And  it  is  well  i 
known  that  the  quantify  of  matter  in  the  fun  is  j 
227000  times  as  great  as  the  quantity  of  matter  in  j 
the  earth.  Now,  as  the  fun’s  diftance  from  the  5 
earth  is  at  leaft  81,000,000  of  miles,  if  we  divide  i 
that  diftance  by  227000,  we  ftiall  have  only  357  for  r: 
the  number  of  miles  that  the  center  of  gravity  be-  - 
tween  the  fun  and  earth  is  diftant  from  the  fun’s  .{ 
center.  And  as  the  fun’s  femidiameter  is  -1-  of  a  ii 
degree,  which,  at  fo  great  a  diftance  as  that  of  the 
fun,  muft  be^no  left  than  381500  miles,  if  this  ie 
be  divided  by  357,  the  quotient  will  be  io68y, 
which  ftiews  that  the  common  center  of  gravity  is  b 
within  the  body  of  the'  fun  5,  and  is  only  the  io68|- 
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part  of  his  femidiameter  from  his  center  toward  his 
furface.  ' 

All  globular  bodies  which  do  not  turn  on  their 
axes  muft  be  perfedl  fpheres,  becaufe  all  parts  of 
their  furfaces  are  equally  attra6led  toward  their  cen¬ 
ters.  But  all  globes  which  do  turn  on  their  axes 
will  be  oblate  fpheroids  ;  that  is,  their  furfaces 
will  be  higher,  or  farther  from  the  center,  in  the 
equatofeal  than  in  the  polar  regions.  For,  as  the 
equatorcal  parts  move  quickeft,  they  muft  have  the 
greateft  centrifugal  force  ;  and  will  therefore  recede 
fartheft  from  the  axis  of  motion.  Thus,  if  two  Fig.  is, 
circular  hoops  AB  and  CD,  made  thin  and  fteiti- 
ble,  and  crofting  one  another  at  right  angles,  be 
turned  round  their  axis  EF  by  means  of  the  winch 
jW,  the  wheel  and  pinion  o  •,  and  the  axis  be 
loofe  in  the  pole  or  interfedion  if,  the  middle  parts 
will  fwell  out  fo  as  to  ftrike  againft' the 
fides  of  the  frame  at  F  and  C,  if  the  pole  in 
finking  to  the  pin  D,  be  not  ftopt  by  it  from 
finking  farther  :  fo  that  the  whole  will  appear  of 
an  oval  figure,  the  equatoreal  diameter  being  con^ 
fiderably  longer  than  the  polar.  That  our  earth  is 
of  this  figure  is  demonftrable  from  a<5lual  meafure- 
ment  of  fome  degrees  on  its  furface,  which  are 
found  to  be  longer  in  the  frigid  zones  than  in  the 
torrid :  and  the  difference  is  found  to  be  fuch  as 
proves  the  eartffs  equatoreal  diameter  to, be  35 
miles  longer  than  its  axis. — Since  then,  the  eartfi 
is  h^her  at  the  equator  than  at  the  poles,  the  fea, 
which  like  all  other  fluids  naturally  runs  downward 
(or  towards  the  places  which  are  neareft  the  earth’s 
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center)  would  run  towards  the  polar  regions,  and 
leave  the  equatoreal  parts  dry,  if  the  centrifugal 
force  of  the  water,  which  carried  it  to  thofc  parts, 
and  fo  raifed  them,  did  not  detain  and  keep  it  from 
running  back  again  towards  the  poles  of  the  earth. 

L  E  C  T.  III. 

Of  the  mechanical  powers*' 

T  F  we  confider  bodies  in  motion,  and  compare 
them  together,  we  may  do  this  either  with  ref- 
pedl:  to  the  quantities  of  matter  they  contain,  or 

The  foon-the  velocities  with  which  they  are  moved.  The 

ci3,tlOXl  Ol  t1*l  *1 

all  mecha-  Heavier  any  body  is,  the  greater  is  the  power  re- 
quired  either  to  move  it  or  to  Hop  its  motion  :  and 
'again,  the  fwifter  it  moves,  the  greater  is  its  force. 

^  So  that  the  whole  momentum  or  quantity  of  force  of 
a  moving  body  is  the  refult  of  its  quantity  of  mat¬ 
ter  multiplied  by  the  velocity  with  which  it  is  mo¬ 
ved.  And  when  the  produdls  arifing  from  the  mul- 
?  tiplication  of  the  particular  quantities  of  matter  in 
any  two  bodies  by  their  refpecHive  velocities  arc 
equal,  the  momenta  or  entire  forces  are  fo  too. 
Thus,  fuppofe  a  body,  which  we  Ihall  call  Ay  to 
weigh  40  pounds,  and  to  move  at  the  rate  of  % 
miles  in  a  minute  \  and  another  body,  which  we 
fhall  call  By  to  weigh  only  4  pounds,  and  to  move 
20  miles  in  a  minute ,  the  entire  forces  with  which 
thefe  two  bodies  would  ftrike  againft  any  obftacle 
,  would  be  equal  to  each  other,  and  therefore  it  would 
require  equal  powers  to  Hop  them.  For  4d  mul¬ 
tiplied 
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tiplied  by  2  gives  80,  the  force  of  the  body  A", 
and  20  multiplied  by  4  gives  80,  the  force  of  the 
body  B* 

Upon  this  eafy  principle  depends  the  whole  of 
mechanics :  and  it  holds  univerfally  true,  that 
when  two  bodies  are  fufpended  by  any  machine,  fo 
as  to  ad  contrary  to  each  other ;  if  the  machine 
be  put  into  motion,  and  the  perpendicular  afcent 
of  one  body  multiplied  into  its  weight,  be  equal 
to  the  perpendicular  defcent  of  the  other  body  mul¬ 
tiplied  into  its  weight,  thefe  bodies,  how  unequal 
Ibever  in  their  weights,  will  balance  one  another 
in  all  fituations  :  for,  as  the  whole  afcent  of  one 
is  performed  in  the  fame  time  with  the  whole  de- 
fcent  of  the  other,  their  refpedive  velocities  muft 
be  diredly  as  the  fpaces  they  move  through  %  and 
the  excefs  of  weight  in  one  body  is  compenfated 
by  the  excefs  of  velocity  in  the  other. — Upon  this 
principle  it  is  eafy  to  compute  the  power  of  any 
mechanical  engine,  whether  fimple  or  compound  ;  How  to 
for  it  is  but  only  enquiring  how  much  fwifter  the  th^power 
power  moves  than  the  weight  (/.  e,  how  much  far-  any  me- 
ther  in  the  fame  time,)  and  juft  fo  much  muft  thegn^^Jef 
power  be  increafed  by  the  help  of  the  engine. 

In  the  theory  of  this  fcience,  we  fuppofe  all 
planes  perfedly  even,  all  bodies  perfedly  fmooth, 
levers  to  have  no  weight,  cords  to  be  extremely 
pliable,  machines  to  have  no  fridion  and  in  fhort, 
all  imperfedions  muft  be  fet  afide  until  the  theory 
be  eftabliflied,  and  then  proper  allowances  are  to 
be  made. 
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Of  the  mechanical  powers^ 

The  fimpk  machines  ufually  called  mechanical 
powers  are  fix  in  number,  viz.  the  Icver^  the  wheel 
and  axle^  the  pulley^  the  inclined  plane^  the  wedge^ 
and  the  fcrew>~T\\cy  are  called  mechanical  pow¬ 
ers,  becaufe  they  help  us  to  raife  weights,  move 
heavy  bodies,  and  overcome  refillances,  which  we 
could  not  effe6l  without  them. 

I.  A  U^er  is  a  bar  of  iron  or  wood,  one  part 
of  which  being  fupported  by  a  prop,  all  the  other 
parts  turn  upon  that  prop  as  their  center  of  mo¬ 
tion  :  and  the  velocity  of  every  part  or  point  is 
diredlly  as  its  diftance  from  the  prop.  Therefore, 
when  the  weight  to  be  raifed  at  one  end  is  to  the 
power  applied  at  the  other  to  raife  it,  as  the  diftance 
of  the  power  from  the  prop  to  the  diftance  of  the 
weight  from  the  prop,  the  power  and  weight  will 
e^acftly  balance  or  counterpoife  each  other  :  and  as 
a  common  lever  has  but  very  little  friction  on  its 
prop,  a  very  little  additional  power  will  be  fufScient 
to  raife  the  weight. 

There  are  four  kinds  of  levers,  i.  The  common 
fort,  where  the  prop  is  placed  between  the  weight 
and  the  power  ;  but  much  nearer  to  the  weight 
than  to  the  power.  2.  When  the  prop  is  at  one 
end  of  the  lever,  the  power  at  the  other,  and  the 
weight  between  them.  3.  When  the  prop  is  at 
one  end,  the  weight  at  the  other,  and  the  power 
applied  between  them.  4.  The  bended  lever, 
which  differs  only  in  form  from  the  firft  fort,  but 
not  in  property.  Thofe  of  the  firft  and  fecond 
kind  are  often  ufed  in  mechanical  engines  ;  but 
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there  are  few  inflances  in  which  the  third  fort  is 
ufed. 

A  common  halmce  is  a  lever  of  the  firft:  kind  ;  The  ha^ 
but  as  both  its  ends  are  at  equal  diftances  from  its 
center  of  motion,  they  move  with  equal  velocities  ; 

!  and  therefore,  as  it  gives  no  mechanical  advantage, 
it  cannot  properly  be  reckoned  among  the  mecha- 
i  nical  powers. 

I  A  lever  of  the  firfl  kind  is  reprefented  by  the  bar  Plate  v. 
i  ABC^  fupported  by  the  prop  D.  Its  principal 
I  ufe  is  to  loofen  large  Hones  in  the  ground,  or  raife  kind  of 
great  weights  to  fmall  heights,  in  order  to  have 
ropes  put  under  them  for  raifing  them  higher  by 
^  other  machines.  The  parts  AB  and  BC^  on  dif¬ 
ferent  Tides  of  the  prop  £),'are  called  the  arms  of 
<the  lever:  the  end  A  of  the  fliorter  arm  AB  being 
applied  to  the  weight  intended  to  be  raifed,  or  to 
the  refinance  to  be  overcome;  and  the  power  ap¬ 
plied  to  the  end  C  of  the  longer  arm  BC, 

In  making  experiments  with  this  machine,  the 
fliorter  arm  AB  muft  be  as  much  thicker  than  the 
longer  arm  5C,  as  will  be  fuificient  to  balance  it 
on  the  prop.  This  fuppofed,  let  P  reprefent  a 
power,  whofe  intenfity  is  equal  to  i  ounce,  and  W" 
a  weight  whofe  intenfity  is  equal  to  12  ounces.  * 
Then,  if  the  power  be  12  times  as  far  from  the 
prop  as  the  weight  is,  they  will  exadtly  counter- 
poife ;  and  a  fmall  addition  to  the  power  P  will 
caufe  it  to  defeend,  and  raife  the  weight  JV-,  and 
the  velocity  with  which  the  power  defeends  will  be 
to  the  velocity  with  which  the  weight  rifes,  as  1 2 
to  I  :  that  is,  diredlly  as  their  diftances  from  the 
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prop  ;  and  confeqnently,  as  the  fpaces  through 
which  they  move.  Hence,  it  is  plain  that  a  man 
v;ho  by  his  natural  flrength,  without  the  help  of 
any  machine,  could  fupport  an  hundred  weight, 
will  by  the  help  of  this  lever  be  enabled  to  fupport 
twelve  hundred.  If  the  weight  be  lefs,  or  the 
power  greater,  the  prop  may  be  placed  fo  much 
the  farther  from  the  weight  *,  and  then  it  can  be 
raifed  to  a  proportionably  greater  height.  For  uni- 
verfally,  if  the  intenfity  of  the  weight  multipli¬ 
ed  into  its  diftance  from  the  prop  be  equal  to  the 
intenfity  of  the  power  multiplied  into  its  diflance 
from  the  prop,  the  power  and  weight  will  exadtly 
balance  each  other  ; .  and  a  little  addition  to  the 
power  will  raife  the  w^eight.  Thus,  in  the  prefent 
'  inftance,  the  weight  W  \s  12  ounces,  and  its  dif¬ 
tance  from  the  prop  is  i  inch  •,  and  12  jnultiplied 
by  I  is  12  ;  the  power  P  is  equal  to  i  ounce,  and 
'  its  dillance  from  the  prop  is  12  inches,  which  mul¬ 
tiplied  by  I  is  12  again  ^  and  therefore  there  is  an 
equilibrium  between  them.  So,  if  a  power  equal 
to  2  ounces  be  applied  at  the  diftance  of  6  inches 
from  the  ^  prop,  it  will  juft  balance  the  weight 
/F  j  for  6  multiplied  by  2  is  12,  as  before.  And 
a  power  equal  to  3  ounces  placed  at  4  inches  dif- 
.tance  from  the  prop  would  do  the  fame  ;  for  3 
times  4  is  12  ;  and  fo  on,  in  proportion. 

The  feeU  The  fiat  era  or  roman  fieelyard  is  a  lever  of  this 

yard.  kind,  contrived  for  finding  the  different  weights  of 
different  forts  of  bodies,  or  of  a  greater  quantity 
of  the  fame  fort,  bygone  fingle  weight  placed  at 
different  diftances  from  the  prop  or  center  of 

motion 
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motion  D.  For,  if  a  fcale  hangs  at  the  ex¬ 
tremity  of  the  fnorter  arm  AB^  and  is  of  fuch  a 
weight  as  will  exadlly  counterpoife  the  longer  arm 
BC this  arm  be  divided  into  as  many  equal 
parts  as  it  will  contain,  each  equal  to  A  5,  the  fingle 
weight  P  (which  we  may  fuppofe  to  be  i  pound) 
will  ferve  for  weighing  any  thing  as  heavy  as  itfelf, 
or  as  many  times  heavier  as  there  are  divifidns  in 
the  arm  5C,  or  any  quantity  between  its  own 
weight  and  that  quantity.  As  for  example,  if  P 
be  I  pound,  and  placed  at  the  firfl:  divifion  i  in  the 
arm  5C,  it  will  balance  t  pound  in  the  fcale  at  A: 
if  it  be  removed  to  the  fecond  divifion  at  2,  it 
will  balance  2  pounds  in  the  fcale  :  if  to  the  third, 
3  pounds  ;  and  fo  on  to  the  end  of  the  arm  B  C. 
If  each  of  thefe  integral  divifion s  be  fiibdivided 
into  as  many  equal  parts  as  a  pound  contains  oun¬ 
ces,  and  the  weight  P  be  placed  at  any  of  thefe 
fubdivifions,  fo  as  to  counterpoife  what  is  in  the 
fcale,  the  pounds  and  odd  ounces  therein  are  by 
that  means  afcertained. 

To  this  kind  of  lever  may  be  reduced  ievera! 
forts  of  inftruments,  fuch  as  fciffars,  pinchers, 
fnuffers  ;  which  are  made  of  two  levers  acting  con¬ 
trary  to  one  another :  their  prop  or  center  of  mo¬ 
tion  being  the  pin  Vv^hich  keeps  them  together. 

In  common  pradlice,  the  longer  arm  of  this  le¬ 
ver  exceeds  the  weight  of  the  fhorter  ;  which  gains 
an  advantage,  becaufe  it  adds  fo  much  more  to  the 
power. 

A  lever  of  the  fecond  kind  has  the  weight  be¬ 
tween  the  prop  and  the  power.  In  this,  as  well  as 

the 
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the  former,  the  advantage  gained  is  as  the  diftance 
of  the  power  from  the  prop  to  the  didance  of  the 
weight  from  the  prop  :  for  the  refpedlive  veloci¬ 
ties  of  the  power  and  weight  are  in  that  propor¬ 
tion  ;  and  they  will  balance  each  other  when  the 
intenfity  of  the  power  multiplied  by  its  diftance 
from  the  prop  is  equal  to  the  intenfity  of  the 
weight  multiplied  by  its  diftance  from  the  prop. 
Thus,  A B  be  a  lever  on  which  the  weight  W 
of  6  ounces  hangs  at  the  diftance  of  i  inch  from 
the  prop  G,  and  a  power  P  equal  to  the  weight  of 
I  ounce  hangs  at  the  end  P,  6  inches  from  the 
prop,  by  the  cord  CD  going  over  the  fixed  pulley 
D,  the  power  will  juft  fupport  the  weight :  and  a 
fmall  addition  to  the  power  will  raife  the  weight, 
I  inch  for  every  6  inches  that  the  power  defcends. 

This  lever  fhews  the  reafon  why  two  men  carry¬ 
ing  a  burden  upon  a  ftick  between  them,  bear  un¬ 
equal  fhares  of  the  burden  in  the  inverfe  propor¬ 
tion  of  their  diftances  from  it.  For  it  is  well 
known,  that  the  nearer  any  of  them  is  to  the  bur¬ 
den,  the  greater  fhare  he  bears  of  it :  and  if  he 
goes  direcftly  under  it,  he  bears  the  whole.  So,  if 
one  man  be  at  G  and  the  other  at  P,  having  the 
pole  or  ftick  AB  refting  on  their  ftioulders  j  if  the 
burden  or  weight  W  be  placed  five  times  as  near 
the  man  at  G  as  it  is  to  the  man  at  P,  the  former 
will  bear  five  times  as  much  weight  as  the  latter. 
This  is  likewife  applicable  to  the  cafe  of  two  horfes 
of  unequal  ftrength,  to  be  fo  yoaked  as  that  each 
horfe  may  draw  a  part  proportionable  to  his 
ftrength  5  which  is  done  by  dividing  the  beam  fo, 

that 
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that  the  point  of  tra6lion  may  be  as  much  nearer 
to  the  ftronger  horfe  than  to  the  weaker  as  the 
ftrength  of  the  former  is  greater/ 

To  this  kind  of  lever  may  be  reduced  oars,  rud¬ 
ders  of  fhips,  doors  turning  upon  hinges,  cutting 
knives  which  are  fixed  at  the  point’of  the  blade, 
and  the  like. 

If  in  this  lever  we  fuppofe  the  power  and  weight  The  third 
to  change  places,  fo  that  the  power  may  be  betv/een 
the  weight  and  the  prop,  it  will  become  a  lever  of 
the  third  kind  :  in  which,  that  there  may  be  a  ba¬ 
lance  between  the  power  and  the  weight,  the  in- 
tenfity  of  the  power  muft  exceed  that  of  the  weight 
juft  as  much  as  the  diftance  of  the  weight  from  the 
prop  exceeds  the  diftance  of  the  power  from  it. 

Thus,  let  E  be  the  prop  of  the  lever  AB^  and  /Frig.  5, 
a  weight  of  i  pound  placed  3  times  as  far  from 
the  prop  as  the  power  P  adls  at  F  by  the  cord  C 
going  over  the  fixed  pulley  D ;  in  this  cafe,  the 
power  muft  be  equal  to  three  pounds  in  order  to 
fupport  the  weight. 

To  this  fort  of  lever  are  generally  referred  the 
bones  of  a  man’s  arm  :  for  when  we  lift  a  weight 
by  the  hand,  the  mufcle  that  exerts  its  force  to  raife 
that  weight  is  fixed  to  the  bone  about  one  tenth 
part  as  far  below  the  elbow  as  the  hand  is.  And 
the  elbow  being  the  center  round  which  the  arm 
turns,  the  mufcle  muft  therefore  exert  a  force  ten 
times  as  great  as  the  weight  raifed. 

As  this  kind  of  lever  gives  no  advantage  to  the 
moving  power,  it  is  never  ufed  but  in  cafes  of  ne- 
ceffity  i  fuch  as  that  of  a  ladder,  which  being 

fixed 
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fixed  at  one  end,  is  by  the  ftrength  of  a  man’s 
arms  reared  againft  a  wall.  And  in  clock-work, 
where  all  the  wheels  may  be  reckoned  levers  of 
this  kind,  becaufe  the  power  that  moves  eve^ 
wheel  except  the  firll,  a6ls  upon  it  near  the  center 
of  motion  by  means  of  a  fmall  pinion,  and  the 
refiftance  it  has  to  overcome  afts  againft  the  teeth 
round  its  circumference. 

The  fourth  The  fourth  kind  of  lever  differs  nothing  from 
^nd  of  le-  being  bended  for  the  fake  of  con- 

J'ig'  4*  venience.  ACB  is  a  lever  of  this  fort,  bended  at 
C  which  is  its  prop  or  center  of  motion.  P  is  a 
power  adling  upon  the  longer  arm  AC  at  P,  by 
means  of  the  cord  DE  going  over  the  pulley  G; 
and  JV  IS  z  weight  or  refiftance  adling  upon  the  end 
B  of  the  ftiorter  arm  BC-  If  the  power  be  to 
the  weight  as  BC  to  CP,  they  are  in  equilibrio. 
Thus,  fuppofe  ^  to  be  5  pounds  ailing  at  the 
I  diftance  of  one  foot  from  the  center  of  motion  C, 
«nd  P  to  be  i  pound  adling  at  P  five  feet  from 
the  center  C,  the  power  and  weight  will  juft  balance 
each  other.  A  hammer  drawing  a  nail  is  a  lever  of 
this  fort. 

Tht^dmi  2.  The  fecond  mechanical  power  is  the  wheel  and 
axUy  in  which  the  power  is  applied  to  the  circum¬ 
ference  of  the  wheel,  and  the  weight  is  raifed  by 
a  rope  which  coils  about  the  axle  as  the  wheel  is 
F%.  5.  turned  round.  Here  it  is  plain  that  the  velocity 
of  the  power  muft  be  to  the  velocity  of  the  weight 
as  the  circumference  of  the  wheel  is  to  the  circum¬ 
ference  of  the  axle  :  and  confequently,  the  power 
and  weight  will  balance  each  other  when  the  in- 

.  tenfity 
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tcnfity  of  the  power  is  to  the  intenfity  of  the  weight 
as  the  circumference  of  the  axle  is  to  the  circum¬ 
ference  of  the  wheel.  Let  AB  be  a  wheel,  CD 
its  axle,  and  fuppofe  the  circumference  of  the  wheel 
to  be  8  times  as  great  as  the  circumference  of  the 
axle  ;  then,  a  power  P  equal  to  one  pound  hang¬ 
ing  by  the  cord  /,  which  goes  round  the  wheel, 
will  balance  a  weight  W  oi  %  pounds  hanging  by 
the  rope  X,  which  goes  round  the  axle.  And  as 
the  fridlion  on  the  pivots  or  gudgeons  of  the  axle 
is  but  fmall,  a  fmall  addition  to  the  power  will 
caufe  it  to  defcend,  and  raife  the  weight :  but  the 
weight  will  rife  with  only  an  eighth  part  of  the 
velocity  that  the  power  defcends,  and  confequently, 
through  no  more  than  an  eighth  part  of  an  equal 
fpace,  in  the  fame  time.  If  the  wheel  be  pulled 
/  round  by  the  handles  6*,  the  power  will  be  in- 
creafed  in  proportion  to  their  length.  And  by  this 
means,  any  weight  may  be  raifed  as  high  as  the 
operator  pleafes. 

To  this  fort  of  engine  belong  all  cranes  for  raif- 
ing  great  weights ;  and  in  this  cafe,  the  wheel  may 
have  cogs  all  around  it  inftead  of  handles,  and  a 
fmall  lantern  or  trundle  may  be  made  to  work  in 
the  cogs,  and  be  turned  by  a  winoh  ;  which  will  again 
increafe  the  power  of  the  wheel  as  much  as  its  num¬ 
ber  of  cogs  exceeds  the  number  of  ftaves  or  rounds 
in  the  trundle,  if  the  radius  of  the  trundle  and  that 
of  the  winch  be  equal  :  but  if  the  radius  or  length 
of  the  winch  be  double  the  radius  or  femidiameter 
of  the  trundle,  it  will  again  give  a  double  power. 

So  that,  if  the  circumference  of  the  wheel  be  8 

times 
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times  the  circumference  of  the  axle,  the  power  of 
the  axle  is  eight  times  as  great  as  the  power  of  the 
wheel  ;  and  if  the  trundle  makes  8  revolutions  to 
one  of  the  wheel,  the  power  of  the  axle  is  8  times 
8  times,  or  64  times,  as  great  as  that  of  the  trun¬ 
dle  :  if  the  length  of  the  winch  be  tv/ice  the  femi** 
diameter  of  the  trundle,  this  will  again  give  a 
double  power  *,  and  fo  make  it  twice  64  or  128  on 
the  axle.  Therefore,  a  man  who  by  his  natural 
ftrength  could  lift  an  hundred  weight  from  the 
ground  in  his  arms,  will,  by  the  help  of  fuch  an 
engine  as  this,  be  able  toraife  128  hundred  weight, 
or  6  tons  and  almoft  an  half.  In  this  fort  of  ma- 
cjiines  it  is  requifite  to  have  a  ratchet-wheel  G  on 
one  end  of  the  axle,  with  a  catch  i/ to  fall  into  its 
teeth  ;  which  will  at  any  time  fupport  the  weight, 
and  keep  it  from  defcending,  if  the  workman 
fhould  through  inadvertency  or  carlefnefs  quit  his 
hold  whilft  the  weight  is  raifing.  And  by  this 
means,  the  danger  is  prevented  which  might  other- 
wife  happen  by  the  running  down  of  the  weight 
when  left  at  liberty. 

The/a%.  3.  The  third  mechanical  pov/er  or  engine  con* 
lifts  either  of  one  moveable  fulley  or  a  fyftem  of 
pulliesy  fome  in  a  block  or  cafe  which  is  fixed,  and 
others  in  a  block  which  is  moveable  and  rifes  with 
the  weight.  For  though  a  Angle  pulley  that  only 
turns  on  its  axis,  and  rifes  not  with  the  weight, 
may  ferve  to  change  the  diredlion  of  the  power,  yet 
it  can  give  no  mechanical  advantage  thereto  :  but 
is  only  as  the  beam  of  a  balance  whofe  arms  are  of 

F%.  i.  equal  length  and  weight.  Thus,  if  the  equal 

weights 
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weights  W  and  P  hang  by  the  cord  BE  upon  the 
pulley  whofe  block  h  is  fixed  to  the  beam  HI^ 
they  will  counterpolfe  each  other,  juft  in  the  fame 
manner  as  if  the  cord  were  cut  in  the  middle,  and 
its  two  ends  hung  upon  the  hooks  fixt  in  the  pulley 
at  A  and  A^  equally  diftant  from  its  center. 

But  if  a  weight  PF  hang  at  the  lower  end  of  the 
moveable  block  p  of  the  pulley  D,  and  the  cord 
GF  go  under  the  pulley,  it  is  plain  that  the  half 
G  of  the  cord  bears  one  half  of  the  weight  PF^  and 
the  half  F  the  other  ^  for  they  bear  the  whole  be¬ 
tween  them.  Therefore,  whatever  holds  the  up¬ 
per  end  of  either  rope  fuftains  one  half  of  the 
weight :  and  if  the  cord  at  F  be  drawn  up  fo  as  to 
%  raife  the  pulley  Z)  to  C,  the  cord  will  then  be  ex¬ 
tended  to  its  whole  length,  all  but  that  pare 
which  goes  under  the  pulley  :  and  confequently, 
the  power  that  draws  the  cord  will  have  moved 
twice  as  far  as  the  pulley  D  with  its  weight  IV  ri- 
fes  ;  on  which  account,  a  power  whofe  intenfity  is 
equal  to  one  half  of  the  weight  will  be  able  to 
fupport  it,  becaufe  if  the  power  moves  (by  means 
of  a  fmall  addition)  its  velocity  will  be  double  the 
velocity  of  the  weight  ^  as  may  be  feen  by  putting 
the  cord  over  the  fixt  pulley  C  (which  only  chan¬ 
ges  the  diredlion  of  the  power  v/ithout  giving  any 
advantage  to  it)  and  hanging  on  the  weight  F, 
't^hich  is  equal  only  to  one  half  of  the  weight  ZF ; 
in  which  cafe  there  will  be  an  equilibrium,  and  a 
little  addition  to  P  will  caufe  it  to  defeend,  and 
raife  IV  through  a  fpace  equal  to  one  half  of  that 
through  which  P  defeends.— Hence,  the  advantage 

sained 


Of  the  mechanical  powers, 

gained  will  be  always  equal  to  twice  the  number  of 
pullies  in  the  moveable  or  undermoft  block.  So, 
when  the  upper  or  fixt  block  u  contains  two  pul- 
Jies,  which  only  turn  on  their  axes,  and  the  lower 
or  moveable  block  U  contains  two  pullies,  which 
not  only  turn  upon  their'  axes  but  alfo  rife  with 
the  block  and  weight,  the  advantage  gained  by  this 
is  as  4  to  the  power.  Thus,  if  one  end  of  the 
rope  XMO^be  fixed  to  a  hook  at  /,  and  the  rope 
pafs  over  the  pullies  N  and  and  under  the  pul¬ 
lies  L  and  P,  and  have  a  weight  T*  of  one  pound 
hung  to  its  other  end  at  T”,  this  weight  will  balance 
and  fupport  a  weight  P^of  four  pounds  hanging 
by  a  hook  at  the  moveable  block  f/,  allowing  the 
faid  block  as  a  part  of  the  weight.  And  if  as 
much  more  pov/er  be  added  as  is  fufficient  to  over¬ 
come  the  friflion  of  the  pullies,  the  power  will  de- 
feend  with  four  times  as  much  velocity  as  the 
weight  rifes ;  and  confequently  through  four  times 
as  much  fpace. 

The  two  pullies  in  the  fixed  block  X,  and  the 
two  in  the  moveable  block  T,  are  in  the  fame  cafe 
with  thofe  lail  mentioned ;  and  give  the  fame  ad¬ 
vantage  to  the  power. 

As  a  fyftem  of  pullies  have  no  great  weight,  and 
lie  in  a  fmall  compafs,  they  are  eafily  carried  about ; 
and  can  be  applied,  in  a  great  many  cafes,  for  raifing 
weights,  where  other  engines  cannot.  But  they 
have  a  great  deal  of  friftion  on  three  accoufnts : 

1.  becaufe  the  diameter  of  their  axis  bears  a  very 
confiderable  proportion  to  their  own  diameter ; 

2.  becaufe  in  working  they  are  apt  to  rub  againft 

on® 


>-.4 


ry 

A 


7.  7<r^nde-^Jc 


~-^if—- — / 

HI 

Pfi 

I 

I 

B 

g 

E 

1 

E 

-'='3 

— 

— z 

'  \y^:E  ■  i 

f 


■Of  the  7726 chain  cal  powers » 

one  another,  or  againft  the  Tides  of  the  block  %  ‘ 

3.  becauie  of  the  lliffnefs  of  the  rope  that  goes 
round  them. 

4.  The  fourth  mechanical  power  is  the  inclined'^p^'^^clind 
plane ;  and  the  advantage  gained  by  it  is  as  great 
as  its  length  exceeds  its  perpendicular  height.  Let  Plate  VL 
AB  be  a  plane  parallel  to  the  horizon,  and  CD 
plane  inclined  to  it  ;  and  fuppofe  the  whole  length 
CD  to  be  three  times  as  great  as  the  perpendicular 
height  GfF':  in  this  cafe,  the  cylinder  E  will  be 
fupported  upon  the  plane  CD,  and  kept  from  roll-  > 

ing  down  upon  it,  by  a  power  equal  to  a  third  part 
of  the  weight  of  the  cylinder.  Therefore,  a  weight 
may  be  rolled  up  this  inclined  plane  with  a  third 
part  of  the  power  which  would  be  fufficient  to  draw 
it  up  by  the  fide  of  an  upright  wall.  If  the  plane 
was  four  times  as  long 'as  high,  a  fourth  part  of 
the  power  would  be  fufficient  *,  and  fo  on,  in  pro¬ 
portion.  Or,  if  a  pillar  is  to  be  raifed  from  a  floor 
to  the  height  GD,  by  means  of  the 'engine  ABDC^ 

(v/hich  will  then  acl  as  a  half  wedge,  where  the 
refiftance  gives  way  only  on  one  fide)  the  engine 
and  pillar  will  be  in  equiltbrio  when  the  pov/er  ap¬ 
plied  at  GF  is  to  the  weight  of  the  pillar  as  GF  to 
CD  ;  and  if  the  power  be  increafed,  fo  as  to  over¬ 
come  the  fridtion  of  the  engine  againfl  the  floor 
and  pillar,  the  engine  will  be  driven,  and  the  pil¬ 
lar  raifed  :  and  when  the  engine  has  moved  its  whole 
|Uehgth  upon  the  floor,  the  pillar  will  be  raifed  to 
the  whole  height  of  the.- engine,  from  G  to  F. 

The  force  wherewith  a  rolling  body  defeends 
pupbn  an  inclined  plane  is  to  the  force  of  its  abiblure 

F  gravity. 
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gravity,  by  which  it  would  defcend  perpendicu¬ 
larly  in  a  free  fpace,  as  the  height  of  the  plane  is 
Fig.  2.  to  its  length.  For,  fuppofe  the  plane  to  be 
parallel  to  the  horizon,  the  cylinder  C  will  keep  at 
reft  upon  any  part  of  the  plane  where  it  is  laid. 

3*  If  the  plane  be  To  elevated,  that  its  perpendicular 
height  D  is  equal  to  half  its  length  AB^  the  cylin¬ 
der  will  roll  down  upon  the  plane  with  a  force  equal  to 
half  its  weight ;  for  it  would  require  a  power  equal 
Fig.  4,  to  half  its  weight  to  keep  it  from  rolling.  If  the 
plane  AB  ht  elevated,  fo  as  to  be  perpendicular  to 
the  horizon,  the  cylinder  C  will  defcend  with  its 
whole  force  of  gravity,  becaufe  the  plane  contri¬ 
butes  nothing  to  its  fupport  or  hindrance ;  and 
therefore,  it  would  require  a  power  equal  to  its 
whole  weight  to  keep  it  from  defcending. 

Fig.  5.  Let  the  cylinder  C  be  fitted  to  turn  upon  flender 
pivots  in  the  frame  Z),  in  which  there  is  a  hook  e 
with  a  line  G  tied  to  it :  let  this  line  go  over  the 
fixed  pulley  /Z,  and  have  its  other  end  tied  to  a 
hook  in  the  weight  L  If  the  weight  of  the  body 
I  be  to  the  weight  of  the  cylinder  C  added  to  that 
of  its  frame  Z),  as  the  perpendicular  height  of  the 
plane  LAf  is  to  its  length  AB^  the  weight  will  juft 
fupport  the  cylinder  upon  the  plane,  and  a  fmall 
touch  of  a  finger  will  either  caufe  it  to  afcend  or 
defcend  with  equal  eafe  :  then,  if  a  little  addition  be 
made  to  the  weight  /,  it  will  defcend,  and  draw 
the  cylinder  up  the  plane.  In  the  time  that  the  cy¬ 
linder  moves  from  A  to  B^  it  will  rife  through  the, 
whole  height  of  the  plane  ML  y  and  the  weight 
/  -  will 
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j  will  defcend  from  HtoK,  through  a  fpace  equal  to 
the  whole  length  of  the  plane  AB. 

If  the  plane  be  made  to  move  upon  rollers,  or 
'  fridtion- wheels,  and  the  cylinder  be  fupported  upon 
1  it ;  the  fame  power  will  draw  the  plane  under  the 
I  cylinder,  which  before  drew  the  cylinder  up  the 
;  plane,  provided  the  pivots  of  the  axes  of  the 
fridion- wheels  be  fmall,  and  tiie  wheels  themfelves 
I  be  pretty  large.  For,  let  the  machine  ABC  (equal  F 
j  in  length  and  height  to  ABM^  Fig.  5.)  be  pro- 
!  vided  with  four  wheels,  whereof  two  appear  at  D 
I  and  and  the  third  under  C,  whilft  the  fourth  is 
hid  from  fight  by  the  horizontal  board  a.  Let 
;  the  cylinder  F  be  laid  upon  the  lower  end  of  the 
:  inclined  plane  CB^  and  the  line  G  be  extended  from 
:  the  frame  of  the  cylinder,  about  fix  feet,  parallel 
i  to  the  plane  C5*,  and,  in  that  diredion,  fixed  to 
:  a  hook  in  the  wall  ;  which  will  fupport  the  cylin- 
■  der,  and  keep  it  from  rolling  off  the  plane.  Let 
I  one  end  of  the  line  H  be  tied  to  a  hook  at  C  in  the 
machine,  and  the  other  end  to  a  weight  7f,  the 
fame  as  drew  the  cylinder  up  the  plane  before.  If 
this  line  be  put  over  the  fixed  pulley  /,  the  weight 
K  will  draw  the  machine  along  the  horizontal  plane 
L,  and  under  the  cylinder  F:  and  when  the  ma¬ 
chine  has  been  drawn  its  whole  length,  the  cylinder  > 

I  will  be  raifed  to  d,  equal  to  the  perpendicular  height 
AB  above  the  horizontal  part  a. 

To'  the  inclined  plane  may  be  reduced  all  hatchets, 
chifels,  and  other  edge-tools  which  are  chamfer’d 
only  on  one  fide, 

F  2 
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The  wedge.  5.  The  fifth  mechanical  power  or  engine  is  the 
wedge,  which  may  be  confidered  as  tv/o  equal  in- 
Fig.  s.  •  dined  planes  DEF  and  CEF,  joined  together  at 
their  bafes^£F;  then,  DC  is  the  whole  thick- 
nefs  of  the  wedge  at  its  back  ABCD,  w^here  the 
power  is  applied  ^  DF  is  the  depth  or  height  of  the 
wedge;  DF  the  length  of  one  of  its  fides,  equal 
'  to  CF  the  length  of  the  other  fide;  and  OF  is  its 
'  fharp  edge,  which  is  entered  into  the  wood  intended 
to  be  fplit  by  the  force  of  a  hammer  or  mallet, 
Fig.'9»  ftriking  perpendicularly  on  its  back.  Thus,'^F^ 
is  a  wedge  driven  into  the  cleft  CDF  of  the  wood 
FG. 

When  the  wood  does  not  cleave  at  any  diftance 
before  the  wedge,  there  will  be  an  equilibrium  be¬ 
tween  the  power  impelling  the  wedge  downward, 
and  the  refiftance  of  the  wood  a6ling  againft  the 
two  fides  of  the  v/edge,  if  the  power  be  to  the 
refinance  as  half  the  thicknefs  of  the  wedge  at  its 
back  is  to  the  length  of  either  of  its  fides ;  that 
is,  as  A  a  to  Ah,  ox  B  a  to  Bb  (Fig.  9.)  And  if 
the  power  be  increafed,fo  as  to  overcome  the  fridion 
of  the  wedge  and  the  refifcance  arifing  from  the 
cohefion  or  ftickage  of  the  wood,  the  wedge  will 
be  drove  in,  and  the  wood  fplit  afunder. 

But,  v/hen  the  wood  cleaves  at  any  diftance  be¬ 
fore  the  wedge  (as  it  generally  does)  the  power  im¬ 
pelling  the  wedge  will  not  be  to  the  refiftance  of 
the  wood  as  half  the  thicknefs  of  the  wedge  is  to 
the  length  of  one  of  its  fides  ;  but  as  half  its  thick- 
nefs  is  to  the  length  of  either  fide  of  the  cleft,  ef- 
ti mated  from  the  top  or  ading  part  of  the  wedge, 
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For,  if  we  fuppofe  the  wedge  to  be  lengthened 
down  from  h  to  the  bottom  of  the  cleft  at  the 
fame  proportion  will  hold;  namely,  that  the  power 
will  be  to  the  refiflance  as  half  the  thicknefs  of  the 
wedge  is  to  the  length  of  either  of  its  fides :  or, 
which  amounts  to  the  fame  thing,  as  the  whole 
thicknefs  of  the  wedge  is  to  the  length  of  both 
its  fides. 

In  order  to  prove  what  is  here  advanced  con¬ 
cerning  the  wedge,  let  us  fuppofe  the  wedge  to  be 
divided  lengthwife  into  two  equal  parts ;  and  then 
it  will  become  two  equally  inclined  planes  *,  one  of 
which,  as  ahc^  may  be  made  ufe  of  as  a  half  wedge Fi 
for  feparating  the  moulding  cd  from  the  wainfcot 
AB.  It  is  evident,  that  when  this  half  wedse  has 
been  driven  its  whole  length  ac  between  the  wain¬ 
fcot  and  moulding,  its  fide  ac  will  be  at  ed\  and 
the  moulding  will  be  feparated  to  fg  from  the  wain¬ 
fcot.  Now,  from  what  has  been  already  proved  of 
the  inclined  plane,  it  appears,  that  to  have  an  equi¬ 
librium  between  the  power  impelling  the  half  wedge 
and  the  refiftance  of  the  moulding,  the  former 
muft  be  to  the  latter  as  ab  to  ac\  that  is,  as  the 
thicknefs  of  the  back  w^hich  receives  the  ftroke  is 
to  the  length  of  the  fide  againfl  which  the  mould¬ 
ing  a6ls.  Therefore,  fince  the  power  upon  the 
half  wedge  is  to  the  refiftance  againft  its  fide,  as 
the  half  back  ab  is  to  the  whole  fide  ac^  it  is  plain 
that  the  power  upon  the  v/hole  wedge  (where  the 
whole  back  is  double  the  half  back)  muft  be  to 
the  refiftance  againft  both  its  fides,  as  the  thicknefs 
of  the  whole  back  is  to  the  length  of  both  the 
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fides  ^  fuppofing  the  wedge  at  the  bottom  of  the 
cleft  :  or  as  the  thicknefs  of  the  whole  back  to  the 
length  of  both  Tides  of  the  cleft,  when  the  wood 
fplits  at  any  diftance  before  the  wedge.  For,  when 
the  wedge  is  driven  quite  into  the  wood,  and  the 
wood  fplits  at  ever  To  frnall  a  dihance  before  its 
edge,  the  top  of  the  wedge  then  becomes  the  ad;-  > 
ing  part,  becaiife  the  wood  does  not  touch  it  any 
where  elfe.  And  Tipce  the  bottom  of  the  cleft 
*  muft  be  confidered  as  that  part  where  the  whole 
ftickage  or  refiflance  is  accumulated,  it  is  plain, 
from  the  nature  of  the  lever,  that  the  farther  the 
power  ads  from  the  refiftance,  the  greater  is  the 
•advantage. 

Some  writers,  particularly  Gravefande^  JVorJler^  ^ 
and  Emerfon  advance,  that  the  power  of  the  wedge 
is  to  the  refiftance  to  be  overcome,  as  the  thicknefs 
of  the  back  ot  the  wedge  is  to  the  length  only  of 
one  of  its  Tides  •,  \vhich  feems  very  ftrangc  :  for. 
Fig.  10.  if  we  fuppofe  AR  to  be  a  ftrong  inflexible  bar  of 
wood  or  iron  fixt  into  the  ground  at  CA,  and  D 
and  E  to  be  two  blocks  of  marble  lying  on  the 
ground  on  oppofite  fides  of^the  bar  •,  it  is  evident 
that  the  block  D  may  be  feparated  from  the  bar  to 
the  diftance  ab  by  driving  the  inclined  plane  or 
^  half  wedge  abo  down  between  them  •,  and  the  block 
E  may  be  feparated  to  an  equal  diftance  on  the  other 
fide  in  like  manner  by  the  half  wedge  cdo.  But 
the  power  impelling  each  half  wedge  will  be  to 
the  refiftance  of  the  block  againfl:  its  fide,  as  the 
thicknefs  of  that  half  wedge  is  to  the  length  of  its 
aft  ing  fide.  Therefore  the  pow;er  to  drive  both  the 

half 
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half  wedges  is  to  both  the  reiiftances,  as  both  the 
half  backs  is  to  the  length  of  both  the  adling  Tides, 
or  as  half  the  thicknefs  of  the  whole  back  is  to 

✓ 

the  length  of  either  fide.  And,  if  the  bar  be  ta¬ 
ken  away,  the  blocks  put  clofe  together,  and  the 
two  half  wedges  joined  to  make  one  5  it  will  re¬ 
quire  as  much  force  to  drive  it  down  between  the 
blocks,  as  is  equal  to  the  fum  of  the  feparate  pow¬ 
ers  adting  upon  the  half  wedges  when  the  bar  was 
between  them. 

To  confirm  this  by  an  experiment,  let  two  cy¬ 
linders,  zs  A B  and  CD,  be  drawn  towards  one  ano-FIg.  lu 
ther  by  lines  running  over  fixed  pullies,  and  a 
weight  of  40  ounces  hanging  at  the  lines  belong¬ 
ing  to  each  cylinder :  and  let  a  wedge,  of  40 
ounces  weight,  having  its  back  juft  as  thick  as  ei¬ 
ther  of  its  Tides  is  long,  be  put  between  the  cy¬ 
linders,  which  will  then  adl  againft  each  fide  with 
a  refiftance  equal  to  40  ounces,  whilft  its  own 
weight  endeavours  to  bring  it  down  and  feparate 
them.  And  here,  the  power  of  the  wedge’s  gra¬ 
vity  impelling  it  downward  will  be  to  the  refiftance 
of  both  the  cylinders  againft  the  vredge,,  as  the 
thicknefs  of  the  wedge  is  to  the  length  of  both  its 
Tides  ;  for  there  will  then  be  an  equilibrium  between 
the  \veight  of  the  wedge  and  the  refiftance  of  the 
cylinders  againft  it,  and  it  will  remain  at  any  height 
between  them  j  requiring  juft  as  much  power  to 
pufh  it  upward  as  to  pull  it  downward. — -If  another 
wedge,  of  equal  weight  and  depth  with  this,  and 
only  half  as  thick,  be  put  between  the  cylinders, 
it  will  require  twice  as  rnuch  weight  to  be  hung  at 
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the  ends  of  the  lines  which  draw  them  together,  to 
keep  the  wedge  from  going  down  betv/een  them, 
That  is,  a  wedge  of  40  ounces,  v/hofe  back  is  only 
equal  to  half  the  length  of  one  of  its  fides,  will 
require  80  ounces  to  each  cylinder,  to  keep  it  in 
an  equilibrium  between  them  ;  and  twice  80.  is  j6o, 
equal  to  four  times  40.  So  that  the  power  will  be 
always  to  the  refiftance,  as  the  thicknels  of  the  back 
of  the  wedge  is  to  the  length  (not  of  its  one  fide 
but)  of  both  its  fides.  , 

The  befl  way,  though  perhaps  not  the  neateft 
that  I  know  of,  for  making  a  wedge  with  its  ap^ 
purtenances  for  fuch  experiments,  is  as  follows, 
f%.  1 1,  Let  IKLM  and  'LMNO  be  tw^o  fiat  pieces  of 
wood,  each  about  fifteen  inches  long  and  three  or 
four  in  breadth,  joined  together  by  a  hinge  at  LM\ 
and  let  P  be  a  graduated  arch  of  brafs,  on  which 
the  faid  pieces  of  wood  may  be  opened  to  any  an¬ 
gle  not  more  than  60  degrees,  and  then  fixt  at  the 
given  angle  by  means  of  the  two  fcrews  a  and 
Thm^JKNO  will  reprefent  the  back  of  the  wedge, 
LM  its  fbarp  edge  which  enters  the  wood,  and 
,  the  outfides  of  the  pieces  IKLM  and -TMAfO 

the  two  fides  of  the  wedge  againft  which  the  wood 
adls  in  cleaving.  By  means  of  the  faid  arch,  the 
wedge  may  be  opened  fo,  as  to  adjufl  the  thicknefs 
of  its  back  in  any  proportion  to  the  length  of  ei¬ 
ther  of  its  fides,  but  not  to  exceed  that  length  : 
and  any  weight  asp  may  be  hung  to  the  wedge  upon 
the  hook  Af,  which  weight,  together  with  thq 
weight  of  the  w^edge  itfelf,  may  be  confidered  as 
the  impelling  power  ^  which  is  all  the  fame  in  ex¬ 
periment. 
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periment,  whether  it  be  laid  upon  the  back  of  the 
wedge  to  pufh  it  down,  or  hung  to  its  edge  to  pull 
it  down. “Let  AB  and  CD  be  two  wooden  cy¬ 
linders,  each  about  two  inches  thick  where  they 
touch  the  outfides  of  the  wedge  ;  and  let  their  ends 
be  made  like  two  round  fiat  plates,  to  keep  the  wedge 
from  flipping  off  endwifc  betw^een  them.  Let  a 
frnall  cord  wdth  a  loop  on  one  end  of  it  go  over  a 
pivot  in  the  end  of  each  cylinder,  and  the  cords  S 
and  T  belonging  to  the  cylinder  AB  go  over  the 
fixt  pullies  and  X,  and  be  faftened  at  their  other 
ends  to  the  bar  wx^  on  which  any  weight  as  Z  may 
be  hung  at  pleafure.  In  like  manner,  let  the  cords 
^and  R  belonging  to  the  cylinder  BC  go  over 
the  fixt  pullies  U  and  V  to  the  bar  uv^  on  which 
a  weight  T  equal  to  Z  may  be  hung.  Theie 
weights,  by  drawing  the  cylinders  towards  one  an¬ 
other,  may  be  confidered  as  the  refiftance  of  the 
wood  adting  equally  againfh  oppofite  fides  of  the 
wedge :  the  cylinders  themfelves  being  fufpended 
near  and  parallel  to  each  other,  by  their  pivots  in 
loops  on  the  lines  /^,  G,  //;  which  lines  may  be 
gxed  to  hooks  in  the  cieling  of  the  room.  The 
longer  thefe  lines  are,  the  better ;  and  they  fliould 
never  be  lefs  than  four  feet  each.  The  farther  alfo 
the  pullies  Z,  and  X  are  from  the  cylinders, 
the  truer  will  *the  experiments  be  :  and  they  may 
turn  upon  pins  fixed  into  the  wall. 

In  this  machine,  the  weights  T  and  Z,  and  the 
weight  p,  may  be  varied  at  pleafure,  lb  as  to  be 
adjufted  in  proportion  of  the  length  of  the  wedge’s 
fjde^  to  the  thicknefs  of  its  back  ,  and  when  they 
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are  fo  adjufted,  the  wedge  will  be  in  equUibrio  with 
the  refinance  of  the  Cylinders. 

The  wedge  is  a  very  great  mechanical  power, 

,  fince  not  only  wood  but  even  rocks  can  be  fplit  by 
it;  which  would  be  impoffible  to  cffedt  by  the  le¬ 
ver,  wheel  and  axle,  or  pulley. 

The/?m’.  6.  The  lixth,  and  laft  mechanical  power  is  the 
fcrew  ‘y  w^hich  cannot  properly  be  called  a  fimple 
machine,  becaufe  it  is  never  ufed  without  the  ap¬ 
plication  of  the  lever  adling  as  a  winch  or  handle 
in  turning  it :  and  then  it  becomes  a  compound 
engine,  of  a  very  great  force  either  in  pre fling 
the  parts  of  bodies  clofe  together,  or  in  raifing 
great  weights.  It  may  be  conceived  to  be  made 
Fig.ia,i3.  by  cutting  a  piece  of  paper  ABC  (Fig.  i2.)  into  the 
form  of  an  inclined  plane  or  half  wedge,  and  then 
coiling  it  round  a  cylinder  (Fig.  13.)  And  here 
it  is  evident,  that  the  winch  E  mufl  turn  the  cylinder 
once  round  before  the  weight  or  refiftance  D  can 


be  moved  from  one  fpiral  winding  to  another,  as 
from  d  to  c :  therefore,  as  much  as  the  circumfe¬ 
rence  of  a  circle  deferibed  by  the  handle  of  the 
winch  is  greater  than  the  interval  or  diftance  be¬ 
tween  the  fpirals,  fo  much  is  the  force  of  the  fcrew. 
That  is,  fuppofing  the  diftance  between  the  fpirals 
to  be  half  an  inch,  and  the  length  of  the  winch 
twelve  inches ;  the  circle  deferibed  by  the  handle 
where  the  power  adls  will  be  76  inches  nearly  ; 
or  about  152  half  inches,  and  confequently  152 
times  the  diftance  between  the  fpirals :  and  there¬ 
fore,  a  power  at  the  handle,  whofe  intenfity  is  equal 
to  no  more  than  a,  fingle  pound,  will  balance  152 

pounds 
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pounds  ailing  againft  the  fcrew ,  and  as  much  ad¬ 
ditional  force,  as  is  fufiicient  to  overcome  the  fric¬ 
tion,  will  raife  the  152  pounds;  and  the  velocity 
of  the  power  will  be  to  the  velocity  of  the  weight, 
as  152  to  I.  Hence  it  appears,  that  the  longer 
the  winch  be  made,  and  the  nearer  the  fpirals  are  to 
one  another,  fo  much  the  greater  is  the  force  of  the 
fcrevr. 

A  machine  for  Ihewing  the  force  or  power  of  Fig.  14* 
the  fcrew  may  be  contrived  in  the  following  man-- 
ner.  Let  the  wheel  C  have  a  fcrew  ^  ^  on  its  axis, 
working  in  the  teeth  of  the  wheel  D,  which  fup- 
pofe  to  be  48  in  number.  It  is  plain  that  for  every 
time  the  wheel  C  and  fcrew  ab  are  turned  round 
by  the  winch  the  wheel  Z)  will  be  moved  one 
tooth  by  the  fcrew  :  and  therefore,  in  48  revolu¬ 
tions  of  the  winch,  the  wheel  D  will  be  turned 
once  round.  Then,  if  the  circumference  of  a 
circle  defcribed  by  the  handle  of  the  winch  be  equal 
to  the  circumference  of  a  groove  e  round  tlie  wheel 
D,  the  velocity  of  the  handle  will  be  48  times  as 
great  as  the  velocity  of  any  given  point  in  the 
groove.  Confequently,  if  a  line  G  goes  round 
the  groove,  and  has  a  weight  of  48  pounds  hung 
to  it  below  the  pedehal  AT,  a  power  equal  to  one 
pound  at  the  handle  will  balance  and  fupport  the 
weight. — To  prove  this  by  experiment,  let  the 
circumferences  of  the  grooves  of  the  wheels  C  and 
D  be  equal  to  one  another ;  and  then,,  if  a  weight 
H  of  one*  pound  be  fufpended  by  a  line  going 
round  the  groove  of  the  wheel  C,  it  wdll  balance  a 
weight  of  48  pounds  hanging  by  the  line  G  *,  and 
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a  fmall  addition  to  the  weight  H  will  caufe  it  to  de- 
fcend,  and  fo  raife  up  the  other  weight. 

if  the  line  G,  inftead  of  going  round  the  groove 
e  of  the  wheel  D,  goes  round  its  axle  / ;  the  power 
of  the  machine  will  be  as  ‘much  increafed,  as  the 
circumference  of  the  2:roove  e  exceeds  the  circum- 
.ference  of  the  axle  :  which,  fiippofing  it  to  be  6 
times,  then  one  pound  at  H  will  balance  6  times 
48  or  288  pounds  hung  to  the  line  on  the  axle: 
and  hence,  the  power  or  advantage  of  this  ma¬ 
chine  will  be  as  288  to  i.  That  is  to  fay,  a  man 
who  by  his  natural  ftrcngth  could  lift  an  hundred 
weight,  will  be  able  to  raife  288  hundred,  or  14 
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ton  weight  by  this  engine. 

But  the  following  engine  is  ftill  more  powerful, 
on  account  of  its  having  the  addition  of  four  pul- 
lies  :  and  in  it  we  may  look  upon  all  the  mecha¬ 
nical  powers  as  combined  together,  even  if  we  take 
Plate  VII.  in  the  balance.  For,  as  the  axis  D  of  the  bar’ 


Fig. 
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A  combi¬ 
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is  in  its  middle  at  C,  it  is  plain  that  if  equal 
weights  are  fufpended  upon  any  two  pins  equi- 
diflant  from  the  axis  C,  they  will  counterpoife. 
It  becomes  a  lever  by  hanging  a  fmall  weight  P 
upon  the  pin  and  a  weight  fo  much  heavier  upon 
either  of  the  pins  r,  or/,  as  is  in  proportion  to 
the  pin’s  being  fo  much  nearer  the  axis.  The  wheel- 
and-axle  FG  is  evident;  fo  is  the  fcrew  which 
takes  in  the  inclined  plane,  and  with  it  the  half 
wedge.  Part  of  a  cord  goes  round  the  axle,  the- 
reft  under  the  lower  pullies  7f,  over  the  upper 
pullies  Ly  Tty  and  then  it  is  tied  to  a  hook  at  m  in 

the 
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the  lower  or  moveable  block,  on  which  hangs  the 
weight  W,  .  • 

In  this  machine,  if  the  wheel  F  has  30-  teeth, 
it  will  be  turned  once  round  in  30  revolutions  of 
the  bar  AB^  which  is  fixt  on  the  axis  D  of  the 
ferew  E:  if  the  length  of  the  bar  is  equal  to  twice 
the  diameter  of  the  wheel,  the  pins  a  and  n  at  the 
ends  of  the  bar  will  move  60  times  as  fail  as  the 
teeth  of  the  wheel :  confequently,  one  ounce  at  P 
will  balance  60  ounces  hung  upon  a  tooth  at  q  in 
the  horizontal  diameter  of  the  v/heel.  Then,  if 
the  diameter  of  the  wheel  T  is  10  times  as  great  as 
the  diameter  of  the  axle  G,  the  Vydieel  will  have  10 
times  the  velocity  of  the  axle ;  and  therefore  one 
ounce  P  at  the  end  of  the  lever  AC  will  balance 
10  times  60  or  600  ounces  hung  to  the  rope  H  « 
which  goes  round  the  axle.  Laftiy,  if  four  pul- 
lies  be  added,  they  will  make  the  velocity  of  the 
lower  block  and  weight  four  times  lefs  than 
the  velocity  of  the  axle  :  and  this  being  the  lad: 
power  in  the  machine,  which  is  4  times  as  great 
as  that  gained  by  the  axle,  it  makes  the  whole 
power  of  the  machine  4  times  600,  or  2400.  So 
that  a  man  who  could  lift  one  hundred  weight  in  his 
arms,  by  his  natural  ftrength,  would  be  able  to 
raife  2400  hundred  weight  by  this  engine. —But  it 
is  here  as  in  all  other  mechanical  cafes  ;  for  the  time 
lod:  is  always  as  much  as  the  power  gained,  be- 
,  caufe  the  velocity  with  which  the  power  moves 
will  ever  exceed  the  velocity  with  which  the  weight 
rifes,  as  much  as  the  intenfity  of  the  weight  ex¬ 
ceeds  the  intenfity  of  the  power. 
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The  fridlion  of  the  fcrew  itfelf  is  very  confider- 
able  :  and  there  are  few  combined  engines,  but 
what,  upon  account  of  the  fricSbion  of  the  parts 
againft  one  another,  will  require  a  third  part  of 
more  power  to  work  them  when  loaded,  than  what 
is  fufficient  to  conftitute  a  balance  between  the 
weight  and  the  power. 


L  E  C  T.  IV. 

Of  mills ^  cranes^  wheel-  carriages^  and  the  engine  for 

,  driving  piles.  '  ^ 

A  S  thefe  machines  are  fo  iiniverfally  ufeful,  it 
would  be  ridiculous  to  make  any  apology  for 
defcribing  them. 

Plate  VII,.  In  a  common  hreaft  mill^  where  the  fall  of  wa- 
A^ommon  ter  may  be  about  ten  feet,  AA  i%  the  great  wheel, 
mill,  which  is  generally  about  17  or  18  feet  diameter, 
reckoned  from  the  outermoft  edge  of  any  float- 
board  at  a  to  that  of  its  oppofite  float  at  b.  To 
this  wheel  the  water  is  conveyed  through  a  chan¬ 
nel,  and  fo  falling  upon  the  wheel,  turns'  it  round. 

On  the  axis  BB  this  wheel,  and  within  the 
mill-houfe,  is  a  wheel  Z),  about  8  or  9  feet  dia¬ 
meter,  having  6r  cogs  which  turn  a  trundle  E 
containing  10  upright  ftaves  or  rounds  *,  and  when 
thefe  are  the  number  of  cogs  and  rounds,  the 
trundle  will  make  6  revolutions  for  one  revo¬ 
lution  of  the  wheel. 

The  trundle  is  fixt  upon  a  ftrong  iron  axis  call’d 
the  fpindle,  the  lower  end  of  which  turns  in  a 

brafs 
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brafs  foot,  fixt  at  is  in  the  horizontal  beam  ST 
called  the  bridge- tree  •,  and  the  upper  part  of  the 
fpindle  turns  in  a  wooden  bufh  fixt  into  the  nether 
millflone  which  lies  upon  beams  in  the  floor  TT. 
The  top  part  of  the  fpindle  above  the  bufh  is 
fquare,  and  goes  into  a  fquare  hole  in  a  ftrong  iron 
i  crofs  (See  Fig.  3.)  called  the  rynd  *,  und;er 

[  which,  and  clofe  to  the  bufh,  is  a  round  piece  of 
^  thick  leather  upon  the  fpindle,  which  it  turns  round 
I  at  the  fame  time  as  it  does  the  rynd. 

'  The  rynd  is  let  into  grooves  in  the  under  fur- 
face  of  the  running  millflone  G  (Fig.  2.)  and  fo 
I  turns  it  round  in  the  fame  time  that  the  trundle  E. 

is  turned  round  by  the  cog  wheel  D. .  This  mill- 
,  Hone  has  a  large  hole  quite  through  its  middle, 
called  the  eye  of  the  ftone,  through  which  the 
;  middle  part  of  the  rynd  and  upper  end  of  the 
'  fpindle  may  be  feen  ;  whilft  the  four  ends  of  the 
rynd  lie  hid  below  the  ftone  in  their  grooves. 

The  end  T  of  the  bridge-tree  T S  (v/hich  fup- 
ports  the  upper  millflone  G  upon  the  fpindle)  is 
i  fixed  into  a  hole  in  the  wall  ^  and  the  end  S  is  let 
i  into  a  beam  called  the  brayer,  whofe  end  R 
remains  fixt,  and  its  other  end  <^hangs  by  a  ftrong 
iron  rod  P  which  goes  through  the  floor  TT*,  and 
'  has  a  fere w- nut  on  its  top  at  O  *,  by  the  turning  of 
which  nut,  the  end  ^  of  the  brayer  is  raifed*  or 
depreffed  at  pleafure  ;  and  confequently  the  bridge- 
tree  T S  and  upper  millflone.  By  this  means,  the. 
upper  millflone  may  be  fet  as  clofe  to  the  under 
one,  or  raifed  as  high  from  it,  as  the  miller  pleafes. 
The  nearer  the  millftones  are  to  one.  another,  the 
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finer  they  grind  the  corn,  and  the  more  remote 
from  one  another,  the  coarfer. 

The  upper  millftone  G  is  inclofed  in  a  round 
box  i/,  which  does  not  touch  it  any  where  ;  and 
is  about  an  inch  difiant  from  its  edge  all  around. 
On  the  top  of  this  box  ftands  a  frame  for  holding 
the  hopper  kk^  to  which  is  hung  the  flioe  /  by  two 
lines  faftened  to  the  hind-part  of  it,  fixed  upon 
hooks  in  the  hopper,  and  by  one  end  of  the  crook- 
firing  K  fafiened  to  the  fore- part  of  it  at/-,  the 
other  end  being  twilled  round  the  pin  L,  As  the 
pin  is  turned  one  way,  the  firing  draws  up  the  fiioe 
clofer  to  the-  hopper,  and  fo  lefiens  the  aperture 
between  them  and  as  the  pin  is  turned  the  other 
’v^ay,  it  lets  down  the  fhoe,  and  enlarges  the  aper¬ 
ture. 

I 

If  the  flioe  be  drawn  up  quite  to  the  hopper,  no 
corn  can  fall  from  the  hopper  into  the  m.ill ;  if  it 
be  let  a  little  down,  fome  will  fall :  and  the  quan-^ 
tity  will  be  more  or  lefs  according  as  the  fhoe  is 
more  or  lefs  let  down.  For  the  hopper  is  open  at 
bottom,  and  there  is  a  hole  in  the  bottom  of  the 
fhoe,  not  diredlly  under  the  bottom  of  the  hopper, 
but  forwarder  towards  the  end  /,  over  the  middle 
of  the  eye  of  the  millfione. 

There  is  a  fquare  hole  in  the  top  of  the  fpindle, 
in  which  is  put  the  feeder  e:  this  feeder  (as  the 
fpindle  turns  round)  jogs  the  fhoe  three  times  in 
each  revolution,  and  fo  caufes  the  corn  to  run  con- 
ftantly  down  frpm  the  hopper,  through  the  fhoe, 
into  the  eye  of  the  millftone,  where  it  falls  upon 
the  top  of  the  rynd,  and  is,  by  the  motion  of  the 

rynd 
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i  rynd  and  die  leadier  under  it,  thrown  below  the 
i  upper  ftone,  and  ground  between  it  and  the  lower 
;  one.  The  violent  motion  of  the  ftone  creates  a 
centrifugal  force  in  the  corn  going  round  with  it, 

‘  by  which  means  it  gets  farther  and  farther  from  the 
center,  as  in  a  fpiral,  in  every  revolution,  until 
it  be  thrown  quite  out ;  and,  being  then  ground, 
it  falls  through  a  fpout  M called  the  mill-eye,  into 
;  the  trough  N. 

When  the  mill  is  fed  too  fall,  the  corn  bears  up 
;  the  ftone  and  is  ground  too  coarfe ;  and  befides,  it 
i  clogs  the  mill  fo  as  to  make  it  go  too  flow.  When 
:  the  mill  is  too  flowly  fed,  it  goes  too  faft,  and  the 
ftones  by  their  attrition  ftrike  fire  againft  one  ano¬ 
ther.  Both  which  inconveniencies  are  avoided  by 
turning  the  pin  L  backwards  or  forwards,  which 
draws  up  or  lets  down  the  fhoe ;  and  fo  regulates 
the  feediner  as  the  miller  fees  convenient. 

:  The  heavier  the  running  millftone  is,  and  the 

5  greater  the  quantity  of  water  that  falls  upon  the 
;  wheel,  fo  much  the  fafter  will  the  mill  bear  to  be 
J  fed;  and  confequently  fo  much  the  more  it  will 
i  grind.  And  on  the  contrary,  the  lighter  the  ftone, 

I  and  the  lefs  the  quantity  of  water,  fo  much  flower 
I  muft  the  feeding  be.  But  when  the  ftone  is  con- 
j  fiderably  wore,  and  become  light,  the  mill  muft  be 
I  fed  flowly  at  any  rate  ;  otherwife  the  ftone  will  be 
I  too  much  borne  up  by  the  corn  under  it,  which 
will  make  the  meal  coarfe. 

The  quantity  of  power  required  to  turn  a 
heavy  millftone  is  but  very  little  more  than  what 
is  fufficient  to  turn  a  light  one  :  for  as  it  is  fup- 
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ported  upon  the  fpindle  by  the  bridge-tree  STf 
and  the  end  of  the  fpindle  that  turns  in  the  brafs 
foot  therein  being  but  fmaUy  the  odds  arifing  from 
the  weight  is  but  very  meonfrderable  in  its  adion 
againft  the  power  or  force  of  the  water.  And  be- 
fides,  a  heavy  ilone  has  the  fame  advantage  as  a 
heavy  fly  *,  namely,  that  it  regulates  the  motion 
much  better  than  a  light  one. 

In  order  to  cut  and  grind  the  corn,  both  the 
upper  and  under  millftones  have  channels  or  fur¬ 
rows  cut  into  themj  proceeding  obliquely  from  the 
center  towards  the  circumference.-  And  thefe  fur¬ 
rows  are  each  cut  perpendictrlarly  om  ©ne  fide  and 
» obliquely  on  the  other  into  the  tone  which  gives 
each  furrow  a  fharp  edge,  and  in  the  two  ftones  they 
come,  as  it  were,  againft  one  another  like  the  edges 
of  a  pair  of  feiflars  :  and  fo  cut  the  corn,  to  make 
it  grind  the  eafier  when  it  falls  upon  the  places  be¬ 
tween  the  furrows.  Thefe  are  cut  the  fame  way  in  >  j 
both  ftones  when  they  lie  upon  their  backs,  which  j 
makes  them  run  crofs  ways  to  each  other  when  the  i 
upper  ftone  is  inverted  by  turning  its  furrowed  fur-  i 
face  towards  that  of  the  lower.  For,  if  the  fur-  * 
rows  of  both  ftones  lay  the  fame  way,  a  great  deal  ) 
of  the  corn  would  be  drove  onward  in  the  lower  t 
furrows,  and  fo  come  out  from  between  the  ftones  | 
without  ever  being  cut. 

When  the  furrows  become  blunt  and  ftiallow  by  f 
wearing,  die  running  ftone  muft  be  taken  up,  and  j 
both  ftones  new  dreft  with  a  chifiel  and  hammer.  . 
And  every  time  the  ftone  is  taken  up,  there  muft  f 
be  fome  tallow  put  round  the  fpindle  upon  the  bufliy  ^ 

^  which  f 
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v/hich  \vill  foon  be  melted  by  the  heat  that  the 
Ipindle  acquires  from  its  turning  and  rubbing 
agaihft  the  bufh,  and  fo  will  get  in  betwixt  them : 
'otherwife  the  bufh  would  take  fire  in  a  very  little 
time. 

The  bufh  mud  embrace  the  fpindle  quite  cIoTe, 
to  prevent  any  fhake  in  the  motion,  which  would 
make  fome  parts  of  the  ftoncs  grate  and  fire  againft, 
each  other ;  whilfl  other  parts  of  them  would  be 
too  far  afunder,  and  by  that  means  fpoil  the  meal 
in  grinding. 

Whenever  the  fpindle  wears  the  bufh  fo  as  to 
begin  to  fhake  in  it,  the  done  mud  be  taken  up, 
and  a  chiflel  drove  into  feveral  parts  of  the  bufh ; 
.and  when  it  is  taken  out,  wooden  wedges  mud  be 
drove  into  the  holes  ;  by  which  means  the  bufh 
will  be  made  to  embrace  the  fpindle  clofe  all  around 
it  again.  In  doing  this,  great  care  mud  be  taken 
to  drive  equal  wedges  into  the  bufh  on  oppofice 
fides  of  the  fpindle  *,  otherwife  it  v;iil  be  thrown 
out  of  the  perpendicular,  and  fo  hinder  the  upper 
done  from  being  fet  parallel  to  the  under  one, 

;  which  is  abfolutely  neceffary  for  making  good  work. 
When  any  accident  of  this  kind  happens,  the  per- 
pendicular  pofition  of  the  fpindle  mud  be  redored 
by  adjuding  the^bridge-tree  by  proper  wedges 
put  between  it  and  tbe  brayer 

It  often  happens,  that  the  rynd  is  a  little  wrenched 
i  in  laying  down  the  upper  done  upon  it  ^  or  is  made 
^  to  fink  a  little  lowor  upon  one  fide  of  the  fpindle 
i  than  on  the  other ;  and  this  will  caufe  one  edge  of  the 
I  upper  done  to  drag  all  around  upon  the  other, 
i  G  2  whild 
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whili!;  the  oppofite  edge  will  not  touch.  But  this 
is  eafily  fet  to  rights,  by  raifing  the  (tone  a  little 
with  a  lever,  and  putting  bits  of  paper,  cards, 
or  thin  chips  betwixt  the  rynd  and  the  flone. 

The  diameter  of  the  upper  ftone  is  generally 
about  fix  feet,  the  lower  (lone  about  an  inch 
more  :  and  the  upper  ftone  when  new  contains 
about  2  2—  cubic  feet,  which  weighs  fomewhat  more 
than  1900  pounds.  A  ftone  of  this  diameter 
ought  never  to  go  more  than  60  times  round  in  a 
minute  *,  for  if  it  turns  fafter  it  will  heat  the  meal. 

The  grinding  furface  of  the  under  ftone  is  a 
little  convex  from  the  edge  to  the  center,  and  that 
*  of  the  upper  ftone  a  little  more  concave  :  fo  that 
they  are  fartheft  from  one  another  in  the  middle, 
and  come  gradually  nearer  towards  the  edges.  By 
this  means,  the  corn  at  its ,  firft  entrance  between 
the  ftones  is  only  bruifed  j  but  as  it  goes  farther  on 
towards  the  circumference  or  edge,  it  is  cut  fmaller 
and  fmaller;  and  at  laft  finely  ground  juft  before 
it  comes  out  from  between  the  ftones. 

The  water-wheel  muft  not  be  too  large,  for  if 
it  be, '  its  motion  will  be  too  (low ;  nor  too  little, 
for  then  it  will  want  power.  And  for  a  mill  to  be 
.  in  perfe6lion,  the  floats  of  the  wheel  ought  to 
move  with  a  third  part  of  the  velocity  of  the  wa¬ 
ter,  and  the  ftone  to  turn  round  once  in  a  fccond  of 
time. 

Such  a  mill  as  this,  with  a  fall  of  water  about 
7  *  feet,  will  require  about  32  hogflieads  every  mi-  - 
note  to  turn  the  wheel  with  a  third  part  of  the  ve¬ 
locity  with  which  the  water  falls ;  and  to  overcome  * 

the 
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the  refiftance  arifing  from  the  fridfion  of  the  geers 
and  attrition  of  the  ftones  in  grinding  the  corn. 

The  greater  fall  the  water  has,  the  lefs  quantity 
of  it  will  ferve  to  turn  the  mill.  The  water  is  kept 
up  in  the  mill -dam,  and  let  out  by  a  fluice  called 
the  penftock,  when  the  mill  is  to  go.  When  the 
penftock  is  drawn  up  by  means  of  a  lever,  it  opens 
a  pafTage  through  which  the  water  flows  to  the 
wheel  :  and  when  the  mill  is  to  be  fbopt,  the  pen- 
flock  is  let  down,  which  flops  the  Vvater  from  fall¬ 
ing  upon  the  wheel. 

A  lefs  quantity  of  water  will  turn  an  overfliot 
mill  (where  the  wheel  has  buckets  inftead  of  float 
boards)  than  a  breaft  mill  where  the  fall  of  the 
water  feldom  exceeds  half  the  height  Ah  of  the 
wheel.  So  that,  where  there  is  but  a  fmall  quan¬ 
tity  of  water,  and  a  fall  great  enough  for  the 
wheel  to  lie  under  it,  the  bucket  (or  overfhot) 
wheel  is  always  ufcd.  But  where  there  is  a  large 
body  of  water,  with  a  little  fall,  the  bread  or 
float- board  wheel  muft  take  place.  Where  the 
water  runs  only  upon  a  little  declivity,  it  can  a6l 
but  flowly  upon  the  under  part  of  the  wheel  at  h ; 
in  which  cafe,  the  motion  of  the  wheel  will  be 
very  flow :  and  therefore,  the  floats  ought  to  be 
very  long,  though  not  high,  that  a  large  body  of 
water  may  adt  upon  them  ;  fo  that  what  is  wanting 
in  velocity  may  be  made  up  in  power  :  and  then 
the  cog  wheel  may  have  a  greater  number  of  cogs 
in  proportion  to  the  rounds  in  the  trundle,  in  or¬ 
der  to  give  the  millftone  a  fufficient  degree  of  ve¬ 
locity. 

G  3  They 
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They  who  have  read  what  is  faid  in  the  firft 
Ic6lure5  concerning  the  acceleration  of  bodies  falU 
ing  freely  by  the  power  of  gravity  adting  conftantly 
and  uniformly  upon  them,  may  perhaps  aik,  why 
fhould  the  motion  of  the  wheel  be  equable,  and 
not  accelerated,  fince  the  water  acls  conftantly  and 
uniformly  upon  it  ?  The  plain  anfw^er  is,  that  the 
velocity  of  the  wheel  can  never  be  fo  great  as  tho 
velocity  of  the  v^ater  that  turns  it  *,  for,  if  it  fhould 
become  fo  great,  the  power  of  the  water  would  be 
quite  loft  upon  the  wheel,  and  then  there  would 
be  no  proper  force  to  overcome  the  friftion  of  the 
geers  and  attrition  of  the  ftones.  Therefore,  the 
^velocity  with  which  the  wheel  begins  to  move,  will 
increafe  no  longer  than  till  its  momentum  or  force  is 
balanced  by  the  refiftance  of  the  machine;  and 
then  the  wheel  will  go  on  with  an  equable  motion. 
h'handv'M,  '  [If  the  cog  wheel  I)  be  made  about  i8  inches 
diameter,  with  30  cogs,  the  trundle  as  fmall  in 
proportion  with  10  ftaves,  and  the  millftones  be 
each  about  two  feet  in  diameter ;  and  the  v/hole 
wmrk  be  put  into  a  ftrong  frame  of  w^ood,  as  re- 
prefented  in  the  figure,  the  engine  will  be  a  hand- 
mill  for  grinding  corn  or  malt  in  private  families, 
And  then,  it  may  be  turned  by  a  winch  inftead  of 
the  wheel  A  A :  the  millftone  makir>g  three  revo¬ 
lutions  for  every  one  of  the  winch.  1  If  a  heavy  fly 
be  put  upon  the  axle  near  the  winch,  it  will 
aflift  greatly  in  regulating  the  motion.] 

If  the  cogs  of  the  wheel  and  rounds  of  the 
trundle  could  be  put  in  as  exabfiy  as  the  teeth  are 
cut  in  the  wheels  and  pinions  of  a  clock,  then  the 

trundle , 
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!  truaidk  might  divide  the  wheel  exaftly  :  that  is  to 

I  fay,  the  trundle  might  make  a  given  number  of 

!  revolutions  for  one  of  the  wheel,  without  a  fradlion. 

\  But  as  any  exa6t  number  is  not  necelfary  in  mill- 

!  work,  and  the  cogs  and  rounds  cannot  be  fet  in  fo 

truly  as  to  make  ail  the  intervals  between  them 
I  equals  a  fkilfui  mill-wright  will  always  give  the 
wheej  what  he  calls  a  hunting  cog:^  that  is,  one 
more  than  what  will  anfwer  to  an  exadt  di vilion  of  the 
wheel  Iby  the  trundle.  And  then,  as  every  cog 
comes  to  the  trundle,  it  will  take  the  next  ftaff  or 
round  Jbehind  the  one  which  it  took  in  the  former 
revolution:  and  -by  that  means,  will  wear  all  the 
parts  of  the  cog^  and  rounds  which  work  upon  one 
I  another  equally,  and  to  equal  diitances  from  one 
another  in  a  little  time  •,  and  fo  make  a  true  uni- 
form  motion  throughc«;U  the  whole  work.  Thus, 
in  the  above  water  mill,  the  trundle  has  lo  itaves, 
and  the  wheel  6 1  cogs. 

^  Sometimes,  where  there  is  a  fufficient  quantity 
<of  water,  the  cog-wheel  yfyf  turns  a  large  trundle  Fig.  4- 
JB  B-i  on  whofe  axis  C  is  fixed  the  horizontal  vs^heel 
’  Z),  with  cogs  ail  around  its  edge,  turning  two 
trundles  E  and  F  at  the  fame  time  ;  whofe  axes  or 
fpindles  G  and  Z/turn  two  millflones  I  and  upon 
the  fixed  ftones  L  and  M,  And  when  there  is  not 
work  for  them  both,  either  may  be  made  to  lie 
quiet,  by  taking  out  one  of  the  fbaves  of  its  trun¬ 
dle,  and  turning  the  vacant  place  towards  the  oog 
wheel  Z).  And  there  may  be  a  wheel  fixt  on  the 
upper  end  of  the  great  upright  axle  C  for  turning 
a  couple  of  boulfing-mllls  ;  and  other  work  for 
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drawing  up  the  facks,  fanning  and  cleaning  the 
corn,  fharpening  of  tools,  &c. 

Ahorfemtll.  If^  inftead  of  the  cog  wheel  A  A  and  trundle 
BB^  horizontal  levers  be  fixed  into  the  axle  C,  be¬ 
low  the  wheel  D ;  then,  horfes  may  be  put  to  thefe 
levers  for  turning  the  mill  :  which  is  often  done 
where  water  cannot  be  had  for  that  purpofe. 

K  ^\nd  The  working  parts  of  a  wind  mill  differ  very 
little  from  thofe  of  a  water  mill  ;  only  the  former 
is  turned  by  the  adtion  of  the  wind  upon  four  fails, 
every  one  of  which  ought  (as  is  generally  believed) 
to  make  an  angle  of  54y  degrees  with  a  plane  per¬ 
pendicular  to  the  axis  on  which  the  arms  are  fixt 
for  carrying  them.  It  being  demonftrable,  that 
when  the  fails  are  fet  to  fuch  an  angle,  and  the  axis 
turned  towards  the  wind,  it  has  the  greatefl  power 
upon  them.  But  this  angle  anfwers  only  to  the 
cafe  of  a  vane  or  fail  juft  beginning  to  move  ^  : 
for,  when  the  vane  has  a  certain  degree  of  mo¬ 
tion,  it  yields  to  the  wind  ;  and  then  that  angle  mull 
be  increafed  to  give  the  wind  its  full  effedt. 

Again,  the  increafe  of  this  angle  will  be  dif¬ 
ferent,  according  to  the  different  velocities  from  the 
axis  to  the  extremity  of  the  vane.  At  the  axis  it 
will  be  54j  degrees,  and  thence  continually  in¬ 
creafe,  giving  the  vane  a  twift,  and  fo  caufing  all 
the  ribs  of  the  vane  to  lie  in  different  planes. 

Laftly,  thefe  ribs  ought  to  decreafe  in  length 
from  the  axis  to  the  extremity,  giving  the  vane  a 
curvilineal  form  \  fo  that  no  part  of  the  force  of 

*  See  MAC  LAU Rlh'^s,  Fluxions,  near  the  end. 
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any  one  rib  be  fpent  upon  the  reft,  but  all  move 
on  independent  of  each  other.  All  this  is  required 
to  give  the  fails  of  a  wind  mill  their  true  form  : 
and  we  fee  both  the  twift  and  the  diminution  of 
the  ribs  exemplified  in  the  wings  of  birds. 

It  is  almoft  incredible  to  think  with  what  velo¬ 
city  the  tips  of  the  fails  move  when  adled  upon  by 
a  moderate  gale  of  wind.  I  have  feveral  times 
counted  the  number  of  revolutions  made  by  the 
fails  in  ten  or  fifteen  minutes  ;  and  from  the  length 
of  the  arms  from  tip  to  tip,  have  computed,  that 
if  a  hoop  of  that  diameter  was  to  run  upon 
the  ground  with  the  fame  velocity  that  it  would 
move  if  put  upon  the  faiharms,  it  would  go  up¬ 
wards  of  30  miles  in  an  hour. 

As  the  ends  of  the  fails  neareft  the  axis  cannot  * 
move  with  the  fame  velocity  that  the  tips  or  far- 
theft  ends  do,’  although  the  wind  a6ls  equally 
ftrong  upon  them ;  perhaps  a  better  pofition  than 
that  of  ftretching  them  along  the  arms  diredly 
from  the  center  of  motion,  might  be  to  have  them 
fet  perpendicularly  acrofs  the  farther  ends  of  the 
arms,  and  there  adjufted  lengthwife  to  the  proper 
angle.  For,  in  that  cafe,  both  ends  of  the  fails 
would  move  with  the  fame  velocity  ;  and  he’ng  far¬ 
ther  from  the  center  of  motion,  they  would  have, 
fo  much  the  more  power :  and  then,  there  would 
be  no  occafion  for  having  them  fo  large  as  they  are 
generally  made  ♦,  which  would  render  them  lighter, 
and  confequently,  there  would  be  fo  much  the  lefs 
frieftion  on  the  thick  neck  of  the  axle  where  it  turns 
in  the  wall. 
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A  cram.  A  crane  Is  an  engine  by  which  great  weights  are 
raifed  to  certain  heights,  or  let  down  to  certain 
depths.  It  confifts  of  wheels,  axles,  pullies,  ropes, 
Plate  viii.  and  a  gib  or  gibbet.  When  the  rope  H  is  hooked 
to  the  weight  if,  a  man  turns  the  winch  on  the 
axis  whereof  is  the  trundle  5,  which  turns  the 
wheel  C,  on  whofe  axis  D  is  the  trundle  which 
turns  the  wheel  F  with  its  upright  axis  G,  on  which 
the  great  rope  HH  winds  as  the  wheel  turns  ;  and 
going  over  ac  pulley  I  at  the  end  of  the  arm  d  of  the 
.  gib  it  draws  up  the  heavy  burthen  if;  which, 
being  raifed  to  a  proper  height,  as  from  a  fhip  to 
:  is  then  brought  over  the  quay  by  pulling 

the  wheel  Z  round  by  the  handles  z,  z,  which  turns 
'  -the  gib  by  means  of  the  half  wheel  h  fixt  on  the 
gib-pofl  rr,  and  the  llrong  pinion  a  fixt  on  the 
.axis  of  the  wheel, Z,  This  wheel  givtes  the  man 

that  turns  it  an  abfolute  comniand  over  the  gib,  fo 
as  to  prevent  it  from  taking  any  unlucky  fwing, 
fuch  as  often  happens  .when  it  is  only  guided  by  a 
rope  tied^  to  its  arm  and  people  are  frequently 
hurt,  fometimes  killed,  by  fuch  accidents. 

The  great  rope  goes  between  two  upright  rollers 
t  and  1^,  which  turn  upon  gudgeons  in  the  fixed  beams 
f  and  and  as  the  gib  is  turned  towards  either 
fide,  the  rope  bends  upon  the  roller  next  that  fide.. 
Were  it  not  for  th^fe  rollers,  the  o;ib  would  be 
quite  unmanageable  ;  for  the  moment  it  were  turned 
ever  fo  little  towards  any  fide,  the  weight Tl  would 
begin  to  delcend,  becaufe  the  rope  would  be  fiior- 
tened  between  the  pulley  I  and  axis  G ;  and  fo  the 
gib  would  be  pulled  violently  to  that  fide,  and 
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Cither  break  itfelf  to  pieces,  or  every  thing  that 
came  in  its  way.  Thefe  rollers  muft  be  placed  fo, 
that  the  fides  of  them  round  which  the  rope  bends, 
may  keep  the  middle  of  the  bended  part  direftly 
over  the  center  of  the  hole  in  which  the  upper 
gudgeon  of  the  gib  turns  in  the  beam  /.  The 
truer  thefe  rollers  are  placed,  the  eafier  the  gib  is 
managed,  and  the  lefs  apt  to  fwing  either  way  by 
the  force  of  the  weight  K,  ' 

A  ratchet-wheel  ^is  fixt  upon  the  axis  Z),  near 
the  trundle  A*,  and  into  this  wheel  falls  the  catch 
'  or  click  R,  This  hinders  the  machine  from  ruh- 
mng  back  by  the  weight  of  the  burthen  JT,  if  the 
man  who  raifes  it  fhould  happen  to  be  carelefs, 
and  fo  leave  off  working  at  the  winch  A  foon^ 
than  he  ought  to  do. 

When  the  burthen  K  is  raifed  to  its  proper  height 
from  the  fhip,  and  brought  over  the  quay  by  turn¬ 
ing  of  the  gib,  it  is  let  down  gently  upon  the 
quay,  or  into  a  cart  ftanding  thereon,  in  the  fol¬ 
lowing  manner :  A  man  takes  hold  of  the  rope 
tl  (which  goes  over  the  pulley  and  is  tied  to  a 
hook  at  S  in  the  catch  R)  and  fo  difengages  the 
catch  from  the  ratchet  wheel  and  then,  the 
man  at  the  winch  A  turns  it  backward,  and  lets 
down  the  weight  K,  But  if  the  weight  pulls  too 
hard  againft  this  man,  another  lays  hold  of  the 
handle  F,  and  by  pulling  it  downward,  draws  the 
gripe  U  clofe  to  the  wheel  T,  which,  by  rubbing 
hard  againft  the  gripe,  hinders  the  too  quick  de- 
fcent  of  the  weight;  and  not  only  fo,  but  even 
flops  it  at  any  time,  if  required.  By  this  means, 
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heavy  goods  may  be  either  raifed  or  let  down  at 
pleafure,  without  any  danger  of  hurting  the  men 
who  work,  the  engine. 

When  part  of  the  goods  are  craned  up,  and  the 
rope  is  to  be  let  down  for  more,  the  catch  R.  is  firft 
difengaged  frorp  the  ratchet  wheel  ^  by  pulling 
the  cord  t  \  then  the  handle  5  is  turned  half  round 
backward,  which,  by  the  crank  nn  in  the  piece  <?, 
pulls  down  the  frame  h  between  the  guides  m  and  m 
(in  which  it  Aides  in  a  groove)  and  fo  difengages 
the  trundle  B  from  the  wheel  C:  and  then,  the 
heavy  hook  /?  at  the  end  of  the  rope  H  defcends 
by  its  own  weight,  and  turns  back  the  great  wheel 
F  with  its  trundle  £,  and  the  wheel  C  y  and  this 
lafi:  wheel  a6ls  like  a  Ay  again  A;  the  wheel  F  and 
hook  /3 ;  and  fo  hinders  it  from  going  down  too 
quick ;  whilA:  the  weight  X  keeps  up  the  gripe  U 
from  rubbing  againA;  the  wheel  T,  by  means  of  a 
cord  going  from  the  weight,  over  the  pulley  w  to 
the  hook  fF  in  the  gripe  :  fo  that  the  gripe  never 
touches  the  wheel,  unlefs  it  be  pulled  down  by  the 
handle  F. 

When  the  crane  is  to  be  fet  at  work  again,  for 
drawing  up  another  burthen,  the  handle  q  is  turned 
half  round  forwards ;  which,  by  the  crank  nn^ 
raifes  up  the  frame  and  caufes  the  trundle  B  to 
lay  hold  of  the  wheel  C ;  and  then,  by  turning  the 
winch  the  burthen  of  goods  K  is  drawn  up  as 
before. 

The  crank  nn  turns  pretty  fbiAF  in  the  mortife 
near  0^  and  A:ops  againA:  the  farther  end  of  it  when 
it  has  got  juA:  a  little  beyond  the  perpendicular 
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fo  that  it  can  never  come  back  of  itfelf :  and  there¬ 
fore,  the  trundle  B  can  never  come  away  from  the 
wheel  C,  until  the  handle  q  be  turned  half,  round. 

The  great  rope  runs  upon  rollers  in  the  lever 
LM,  which  keep  it  from  bending  between  the 
axle  at  G  and  the  pulley  L  This  lever  turns  upon 
the  axis  N  by  means  of  the  weight  O,  which  is 
juft  fufticient  to  keep  its  end  L  up  to  the  rope  *,  fo 
that,  as  the  great  axle  turns,  and  the  rope  coils 
round  it,  the  lever  rifes  with  the  rope,  and  pre¬ 
vents  the  codings  from  going  over  one  another. 

The  power  of  this  crane  may  be  eftimated  thus, 
fuppofe  the  radius  of  the  winch  A  to  be  twice  the 
radius  of  the  trundle  B ;  this  will  make  the  power 
of  the  trundle  upon  the  wheel  C  to  be  as  2  :  but 
if  the  trundle  has  8  ftaves,  and 'the  wheel  64  cogs, 
the  trundle  will  increafe  the  power  of  the  wheel 
8  times,  which  multiplied  by  2,  the  power  of  the 
winch,  is  16  ;  and  if  the  trundle  E  on  the  axis  of 
the  wheel  C  has  9  rounds,  and  the  wheel  F  yi 
cogs,  the  power  is  again  8  times  increafed  ;  which 
makes  the  power  of  the  wheel  F  as  8  times  16,  or 
128  :  and  laftly,  if  the  diameter  of  the  wheel  F 
be  8  times  the  diameter  of  that  part  of  its  axle  G 
on  which  the  rope  winds,  this  again  increafes  the 
power  8  times,  and  fo  makes  it  8  times  128,  or 
1024,  which  is  the  whole  power  of  the  machine; 
and  fo  much  more  weight  a  man  can  raife  by  it 
than  he  could  lift  in  his  arms  with  an  equal  degree 
of  ftrength. 

If  this  power  be  thought  greater  than  what  may 
be  generally  wanted,  the  wheels  may  be  made  with 
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fewer  cogs  in  proportion  to  the  ftaves  in  the  trun« 
dies ;  and  fo  the  power  may  be  of  whatever  degree 
is  judged  to  be  requifite.  But  if  the  weight  be  fo 
great  as  will  require  yet  more  power  to  raife  it  (fup« 
pofe  a  double  quantity)  then  the  rope  H  may  be 
put  under  a  moveable  pulley  as  (5^,  and  the  end  of 
it  tied  to  a  hook  in  the  gib  at  s ;  which  will  give 
a  double  power  to  the  machine,  and  fo  raife  a  dou¬ 
ble  weight  hooked  to  the  block  of  the  moveable 
pulley. 

When  only  fmall  burthens  are  to  be  raifed,  this 
may  be  quickly  done  by  men  pufhing  the  axle  G 
round  by  the  handfpikes  ;  having  firft  dif- 

engaged  the  trundle  B  from  the  wheel  C :  and  then, 
thfs  wheel  will  only  a£l  as  a  fly  upon  the  wheel  F ; 
and  the  catch  R  will  prevent  its  running  back,  if 
the  men  fliould  inadvertently  leave  off  pufhing  be¬ 
fore  the  burthen  be  unhooked  from  /3. 

Laftly,  when  very  heavy  burthens  are  to  be 
raifed,  which  might  endanger  the  breaking  of  the 
cogs  in  the  wheel  F;  their  force  againfl:  thefe  cogs 
may  be  much  abated  by  men  pufhing  at  the  hand¬ 
fpikes  y^y’,y^y%  whilft  the  man  at  A  turns  the 
winch. 

I  have  only  (hewn  the  working  parts  of  this 
crane,  without  the  wliole  of  the  beams  which  fup- 
port  them  ;  knowing  that  thefe  are  eafily  fuppofed, 
and  that  if  they  had  been  drawn,  they  would  have 
hid  a  great  deal  of  the  working  parts  from  fight, 
and  alfo  confufed  the  figure. 

Another  very  good  crane  is  made  in  the  follow¬ 
ing  manner.  A  A  is  a  great  wheel  turned  by  men 
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walking  within  it  at  H.  On  the  part  C,  of  Its  axle  Fig. 
BC^  the  great-iope  wound  as  the  wheel  turns ; 
and  this  rdpe  draws  up  goods  in  the  fame  way  as 
the  rope  HR  does  in  the  aborementioned  crane, 
the  gib-work  here  being  fuppofed  to  be  of  the  fame 
fort.  But  thefe  cranes  are  very  dangerous  to  the 
men  in  the  wheel  ;  for,  if  any  of  the  men  Ihould 
chance  to  fall,  the  burthen  will  make  the  wheel  run 
back  and  throw  them  all.,  abo.ijt  within  it ;  which 
often  breaks  their  limbs,  and  fometimes  kills  them- 
The  late  ingenious  Mr.  Padmore  of  Briftol  (whofc 
contrivance  the  forementioned  crane  is,  fo  far  as 
I  can  remember  its  conftru6tion  after  feeing  it  once 
about  twelve  years  ago)  obfcrving  this  dangerous 
Gonftrudion,  contrived  a  method  for  remedying  it,  ^ 
by  putting  cogs  all  around  the  outfide  of  the  wheel, 
and  applying  a  trundle  E  to ^  turn ;  k ;  which  in-.; 
creafes  the  power  as  much  as  the  number  of  cogs  • 
in  the  wheel  is  greater  than  the  number,  of  ftaves 
in  the  trundle  :  and  by  putting  a  ratchet  wheel  F 
on  the  axis  of  the  trundle,  (as  in  the  ahoyemen- 
tioned  crane)  with  a  catch  to  fall  into  it,  the  great  v 
wheel  is  ftopt  from  running  back  by  the  force  of  ,, 
the  weight,  even  if  all  the  men  in  it  fhould  leave 
off  walking.  And  by  one  man.  working  at  the 
winch  /,  or  two  men  at  the  oppofite  winches  when 
needful,  the  men  in  the  wheel  are  much  affifted, 
and  much  greater  weights  are  raifed,  than  could  be 
by  men  only  within  the  wheel,  Mr.  Padmore  put  - 
alfo  a  gripe-wheel  G  upon  the  axis  of  the  trundle, 
which  being  pinched  in  the  fame  manner  as  de- 
fcribed  in  the  former  crane,  heavy  burdens  may^. 
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be  let  down  without  the  leaft  danger.  And  before 
this  cantrivance,  the  lowering  of  goods  was  al¬ 
ways  attended  with  the  utmoft  danger  to  the  men 
in  the  wheel ;  as  every  one  muft  be  fenfible  of,  who 
has  feen  fuch  engines  at  work. 

And  it  is  furprifing  that  the  mailers  of  wharfs 
and  cranes  fhould  be  lb  regardlefs  of  the  limbs  or 
even  livTS  of  their  workmen,  that,  excepting  Sir 
James  Creeds  there  is  fcarce  an  inllance  of  any  who 
ufes  this  fafe  contrivance. 

The  llru6lure  of  wheel  carriages  is  generally  fo 
well  known,  that  it  would  be  needlefs  to  defcribe 
them.  And  therefore,  we  lhall  only  point  out 
fome  inconveniencies  attending  the  common  me« 
thod  of  placing  the  wheels,  and  loading  the  wag¬ 
gons. 

In  coaches,  and  all  other  four  wheel’d  carriages, 
the  fore-wheels  are  made  of  a  lefs  fize  than  the 
hind  ones,  both  on  account  of  turning  Ihort,  and 
to  avoid  cutting  the  braces :  otherwife,  the  carriage 
would  go  much  eafier  if  the  fore- wheels  were  as 
high  as  the  hind  ones,  and  the  higher  the  better, 
becaufe  their  motion  would  be  fo  much  the  flower 
on  their  axles,  and  confequently  the  fridlion  pro- 
portionably  , taken  off.  But  carriers  and  coach¬ 
men  give  another  reafon  for  making  the  fore-wheels 
much  lower  than  the  hind-wheels ;  namely,  that 
when  they  are  fo,  the  hind-wheels  help  to  pufh  on 
the  fore  ones :  which  is  too  unphilofophical  and  ab- 
furd  to  deferve  a  refutation,  and  yet  for  their  fatis- 
tadlion  we>  lhall  foon  Ihew  by  experiment  that  it  has 
no  exiftence  but  in  their  own  imaginations. 
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I  it  is  plain  that  the  fmall  wheels  mufl  turn  aS 
i  tnuch  oftener  round  than  the  grreat  ones,  as  their  cir- 
cumferences  are  lefs.  And  therefore,  when  the 
carriage  is  loaded  equally  heavy  on  both  axles,  the 
I  fore  axle  mud:  endure  as  much  more  fridlion,  and 
confequently  wear  out  as  much  fooner,  than  the 
'  hind  axle,  as  the  fore-v^^heels  are  lefs  than  the  bind 
:  ones.  But  the  great  misfortune  is,  that  all  the 
I  carriers  to  a  man  do  obdiinaiely  periift,  againft 
I  the  cleareft  reafon  and  demonftration,  in  putting 
the  heavier  part  of  the  load  upon  the  fore  axle  of 
the  waggon  ;  which  not  only  makes  the  frid'ion 
:  greateft  v/here  it  ought  to  be  leaft)  but  alfo  preiTeth 
'  the  fore-wheels  deeper  into  the  ground  than  the 
hind-wheels,  notwithftanding  the  fore-wheels,  be¬ 
ing  lefs  than  the  hind  ones,  are  with  fo  much  the 
I  greater  difficulty  drawn  out  of  a  hole  or  over  an  ob- 
!  ftacle,  even  fuppofing  the  weights  on  their  axles  were 
:  equal.  For  the  difficulty,  with  equal  weights,  will 
be  as  the  depth  of  the  holp  or  height  of  the  ob- 
ftacle  is  to  the  femidiameter  of  the  wheel.  Thus,  Fig.  3. 
if  we  fuppofe  the  fmall  wheel  D  of  the  waggon  AB 
to  fail  into  a  hole  of  the  depth  AF,  which  is  equal 
to  the  femidiameter  of  the  wheel,  and  the  waggon 
^  to  be  drawn  horizontally  along ;  it  is  evident,  that 
i  the  point  E  of  the  imalf  wheel  will  be  drawn  di- 
I  redlly  againfl:  the  top  of  the  hole  and  therefore, 
i  all  the  power  of  horfes  and  men  will  not  be  able 
i  to  draw  it  put,  unlefs  the  ground  gives  way  before 
!  it.  Whereas,  if  the  hind-wheel  C  falls  into  fuch 
■  a  hole,  it  finks  not  near  fo  deep  in  proportion  to 
i  its  femidiameter  j  and  therefore,  the  point  G  of  the 
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large  wheel  will  not  be  drawn  directly,  but  ofr- 
liquely,  againfl:  the  top  of  the  hole  ;  and  fo  will 
be  eafily  got  out  of  it.  Add  to  this,  that  fince  a 
fmall  wheel  will  often  fink  to  the  bottom  of  a  hole, 
in  which  a  great  wheel  will  go  but  a  very  little  way, 
the  fmall  wheels  ought  in  all  reafon  to  be  loaded 
with  lefs  weight  than  the  great  ones  :  and  then  the 
heavier  part  of  the  load  would  be  lefs  jolted  up¬ 
ward  and  downward,  and  the  horfes  tired  fo  much 
the  lefs,  as  their  draught  raifed  the  load  to  lef& 
heights. 

It  is  true,  that  when  the  waggon  road  is  much 
up-hiil,  there  may  be  danger  in  loading  the  hind 
part  much  heavier  than' the  fore  part*,  for  then  the 
weight  would  overhang  the  hind  axle,  efpecially  if 
the  load  be  high,  and  endanger  tilting  up  the  fore¬ 
wheels  from  the  ground.  In  this  cafe,  the  fafeft' 
way  would  be  to  load  it  equally  heavy  on  both 
axles;  and  then,  as  much  more  of  the  weight  would 
be  thrown  upon  the  hind  axle  than,  upon  the  fore  one, 
as  the  ground  rifes  from  a  level  below  the  carriage.. 
But  as  this  feldom  happens,  and  when  jt  does,  a 
fmall  temporary  weight  laid  upon  the  pole  between 
the  horfes  would  overbalance  the  danger  *,  and  this 
weight  might  be  thrown  into  the  waggon  when  if 
comes  to~  level  ground,  it  is  ftrange  that  an  advan¬ 
tage  fo  plain  and  obvious  as  would  arife  from  load¬ 
ing  the  hind-v/heels  heavieft,  fhould  not  be  laid 
hold  of,  by  complying  with  this  method. 

To  confirm  thefe  reafonings  by  experiment,  let  a 
fmall  model  of  a  waggon  be  made,  with  its  fore¬ 
wheels  2  Y  inches  in  diameter,  and  its  hind- 
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^vheels  4y;  the  whole  model  weighing  about  20 
ounces.  Let  this  little  carriage  be  loaded  any  how 
with  weights,  and  have  a  frnall  card  tied  to  each 
of  its  ends,  equally  high  from  the  ground  it  refts 
upon  ;  and  let  it  be  drawn  along  a  horizontal 
board,  firft  by  a  weight  in  a  fcale  hung  to  th^cord 
at  the  fore  part;  the  cord  going  over  a  pulley  at 
the  end  of  the  board  to  facilitate  the  draught,  and 
the  weight  juft  fufEcient  to  draw  it  along.  Then, 
turn  the  carriap;e,  and  hano;  the  fcale  and  w^ei^ht  to 

O''  o  o 

the  hind  cord,  and  it  v/ili  be  found  to  move  alons 
with  the  fame  velocity  as  at  firft  :  which  fhews,  that 
the  power  required  to  draw  the  carriage  is  all  the 
fame,  whether  the  great  or  fmall  wheels  are  fore- 
moft ;  and  therefore  the  great  wheels  do  not  help 
in  the  leaft  to  pufh  on  the  fmall  wheels  in  the  road* 
Hang  the  fcale  to  the  fore  cord,  and  place  the 
fore- wheels  (which  are  the  fmall  ones)  in  two  holes, 
cut  three  eighth  parts  of  an  inch  deep  into  the 
board  ;  then  put  a  weight  of  32  ounces  into  the 
carriage,  over  the  fore  axle,  and  an  equal  weight 
over  the  hind  one:  this  done,  put  44  ounces,  into 
the  fcale,  which  will  be  juft  fufficient  to  draw  out 
the  fore- wheels  :  but  if  this  weight  be  taken  out 
of  the  fcale,  and  one  of  16  ounces  put  into  its 
place,  if  the  hind-wheels  are  placed  in  the  holes, ^ 
the  16  ounce  weight  will  draw  them  out ;  which  is 
little  more  than  a  third  part  of  what  was  neceftary 
to  draw  out  the  fore-wheels.  This  fhews,  that  the 
larger  the  wheels  are,  the  lefs  power  will  draw  the 
carriage,  efpecially  on  rough  ground. 
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Put  64  ounces  over  the  axle  of  the  hind -wheels-, 
and  32  over  the  axle  of  the  fore  ones,  in  the  car¬ 
riage;  and  place  the  fore- wheels  in  the  holes  :  then, 
put  3  8  ounces  into  the  fcale,  which  will  juft  draw 
out  the  fore-wheels  ;  and  when  the  hind  ones  come 
to  the  hole,  they  will  find  but  very  little  refiftance, 
becaufe  they  fink  but  a  little  way  into  it. 

But  fhift  the  weights  in  the  carriage,  by  putting 
the  32  ounces  upon  the  hind  axle,  and  the  64  ounces 
upon  the  fore  one ;  and  place  the  fore- wheels  in  the 
holes  :  then,  if  76  ounces  be  put  into  the  fcale,  it 
will  be  found  no  more  than  fufficient  to  draw  out 
thefe  wheels ;  which  is  double  the  power  required 
to  draw  them  out,  when  the  lighter  part  of  the  load 
was  put  upon  them  :  which  is  a  plain  demonftration 
of  the  abfurdity  of  putting  the  heavieft  part  of 
the  load  in  the  fore  part  of  the  waggon. 

Every  one  knows  what  an  out-cry  was  made  by 
the  generality,  if  not  the  v/hole  body,  of  the  car¬ 
riers,  againft  the  broad-wheel  adl  >  and  how  hard 
it  was  to  perfuade  them  to  comply  with  it,  even 
though  the  government  allowed  them  to  draw  with 
more  horfes,  and  carry  greater  loads,  than  ufual. 
Their  principal  objedlion  was,  that  as  a  broad 
wheel  muft  touch  the  ground  in  a  great  many  more 
points  than  a  narrow  wheel,  the  fridlion  muft  of 
courfe  be  juft  fo  much  the  greater ;  and  confe- 
quently,  there  muft  be  fo  many  more  horfes  than 
ufual,  to  draw  the  waggon.  I  believe  that  the  ma¬ 
jority  of  people  were  of  the  fame  opinion,  not 
confidering,  that  if  the  whole  weight  of  the  waggon 
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and  load  in  it  bears  upon  a  great  many  points,  each 
fuftains  a  proportionably  lefs  degree  of  weight  and 
fri6lion,  than  when  it  bears  only  upon  a  few  points ; 
fo  that  what  is  wanting  in  one  is  made  up  in  the 
other  ;  and  therefore  will  be  juft  equal  under  equal 
degrees  of  weight,  as  may  be  ftiewn  by  the  follow¬ 
ing  plain  and  eafy  experiment, 
i  Let  one  end  of  a  piece  of  packthread  be  faftened 
j  to  a  brick,  and  the  other  end  to  a  common  fcale 
j  for  holding  weights  :  then,  having  laid  the  brick 
edgewife  on  a  table,  and  let  the  fcale  hang  under 
the  edge  of  the  table,  put  as  much  weight  into  the 
fcale  as  will  juft  draw  the  brick  along  the  table. 

I  Then,  taking  back  the  brick  to  its  former  place, 
lay  it  flat  on  the  table,  and  leave  it  to  be  afled  upon 
by  the  fame  weight  in  the  fcale  as  before,  which 
j  will  draw  it  along  with  the  fame  eafe  as  when  it  lay 
!  upon  its  edge.  In  the  former  cafe,  the  brick  may 
be  confidered  as  a  narrow  wheel  on  the  ground  ; 

I  and  in  the  latter,  as  a  broad  wheel.  And  fince 
the  brick  is  drawn  along  v/ith  equal  eafe,  whether 
ks  broad  fide  or  narrow  edge  touches  the  table,  it 
fhews  that  a  broad  wheel  might  be  drawn  along 
the  ground  with  the  fame  eafe  as  a  narrow  one,  ^ 

I  (fuppofing  them  equally  heavy)  even  though  they 
fhould  drag,  and  not  roll,  as  they  go  along. 

As  narrow  wheels  are  always  finking  into  the 
ground,  efpecially  when  the  heavieft  part  of  the 
load  lies  upon  them,  they  muft  be  confidered  as 
going  conftantly  up-hill,  even  on  level  ground. 
And  their  edges  muft  fuftain  a  great  deal  of  fridlion 
by  rubbing  againft  the  fides  of  the  ruts  made  by 
I  .  H  3  them^ 
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them.  But  both  thcfe  inconveniencies  are  avoided 
by  broad  wheels  ^  which,  inftead  of  cutting  and 
ploughing  up  the  roads,  roll  them  fmooth  and 
harden  them  j  as  experience  teftifies  in  places  where 
they  have  been  ufed,  efpecially  either  on  wettilli  or 
fandy  ground  :  though  after  all  it  mu  ft  be  confeft, 

,  that  they  will  not  do  in  ftjft*  clayey  crofs  roads,  be«- 
caufe  they  would  foon  gather  up  the  weight  of  an 
ordinary  load  of  clay. 

If  the  wheels  were  always  to  go  upon  fmooth 
and  level  ground,  the  beft  way  would  be  to  make 
the  fpokes  perpendicular  to  the  naves  %  that  is,  to 
ftand  at  right  angles  to  the  axles,  becaufe  they 
would  then  bear  the  weight  of  the  load  perpendi¬ 
cularly,  which  is  the  ftrongeft  v/ay  for  wood.  But 
becaufe  the  ground  is  generally  uneven,  one 
wheel  often  falls  into  a  cavity  or  rut  when  the  other 
docs  not  ;  and  then  it  bears  much  more  of  the 
weight  than  the  other  does  :  in  which  cafe,  con¬ 
cave  or  diftiing  wheels  are  beft,  becaufe  Vv^hen  one 
falls  into  a  rut,  and  the  other  keeps  upon  high 
ground,  the  fpokes  become  perpendicular  in  the 
rut,  and  therefore  have  the  greateft  ftrength  wheri 
the  obliquity  of  the  load  throws  moft  of  its  weight 
upon  them  ;  whilft  thofe  on  high  ground  have  left 
weight  to  bear,  and  therefore  need  not  be  at  their 
full  ftrength.  So  that  the  ufual  way  of  making 
the  wheels  concave  is  by  much  the  beft. 

The  axles  of  the  wheels  ought  to  be  perfedlly 
ftraight,  that  the  rims  of  the  wheels  may  be  pa¬ 
rallel  to  each  other  •,  for  then  they  will  move  eafieft, 
becaufe  they  will  be  at  liberty  to  go  on  ftraight 
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I  forwards.  But  in  the  ufual  way'  of  praclice,  the 
axles  are  bent  downward  at  their  ends  •,  which  brings 
the  Tides  of  the  wheels  next  the  ground  nearer  to 
one  another  than  their  oppofite  or  higher  Tides  are : 
and  this  not  only  makes  the  wheels  to  drag  fidewife 
as  they  go  along,  and  gives  the  load  a  much  grea- 
I  ter  power  of  crulhingthem  than  when  they  are  pa- 
1  rallel  to  each  other,  but  alfo  endangers  the  over- 
:  turning  of  the  carriage  when  any  wheel  falls  into 
a  hole  or  rut;  or  when  the  carriage  goes  in  a  road 
which  has  one  fide  lower  than  the  other,  as  along 
the  fide  of  a  hill.  Thus,  (in  the  hind  view  of  aFig.  4, 

I  waggon  or  cart)  let  AE  and  BFht  the  great  wheels 
i  parallel  to  each  other,  on  their  fbraight  axle  /f,  and 
HCI  the  carriage  loaded  with  heavy  goods  from  C 
to  G.  Then,  as  the  carriage, goes  on  in  the  oblique 
road  AaB^  the  center  of  gravity  of  the  whole  ma¬ 
chine  and  load  will  be  at  and  the  line  of  di- See  page 

redion  CdD  falling  within  the  wheel  BF^  the  car-*"*- 
riage  will  not  overfct.  But  if  the  wheels  be  in¬ 
clined  to  each  other  at  the  ground,  as  AE  and  Fig.  5* 

B  F,  and  the  machine  be  loaded  as  before,  from  C 
to  G,  the  line  of  diredion  CdD  falls  without  the 
wheel  BB\  and  the  whole  machine  tumbles  over. 

When  it  is  loaded  with  heavy  goods  (fuch  as  lead 
or  iron)  which  lie  Tow,  it  may  travel  fafely  upon 
an  oblique  road  fo  long  as  the  center  of  gravity  is 
at  C,  and  the  line  of  diredion  CJ  falls  within  the 
wheels  ;  but  if  it  be  loaded  high  with  lighter  goods 
j  (fuch  as  woolpacks)  from  C  to  L,  the  center  of  Fig.  6, 
gravity  is  raifed  from  C  to  F,  which  throws  the  line 
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of  direftion  J{:k  without  the  wheel  and  then 
the  load  overfets  the  waggon. 

If  there  be  fome  advantage  from  frnall  fore- 
v/heels,  on  account  of  the  carriage  turning  more 
eafily  and  fhort  than  it  can  be  made  to  do  when  they 
are  large  ;  there  is  at  leaf!:  as  great  a  difadvantage  at¬ 
tending  them,  which  is,  that  as  their  axle  is  below 
the  level  of  the  horfes  breafts,  the  horfes  not  only 
have  the  loaded  carriage  to  draw  along,  but  alfo 
part  of  its  weight  to  bear  ;  which  tires  them  fooner, 
and  makes  them  grow  much  ftiffer  in  their  hams, 
than  they  would  be  if  they  drew  on  a  level  with  the 
fore  axle.  And  for  this  reafon,  we  find  coach  horfes 
foon  become  unfit  for  riding.  So  that  on  all  ac¬ 
counts  it  is  plain,  that  the  fore-wheels  of  all  car¬ 
riages  ought  to  be  lb  high,  as  to  have  their  axles 
even  with  the  breafts  of  the  horfes  ;  which  would 
not  only  give  the  horfes  a  fair  draught,  but  like- 
wife  caufe  the  machine  to  be  drawn  by  a  lefs  degree 
of  power. 

We  fhall  conclude  this  ledlure  with  a  defcription 
‘  of  Mr.  Vauloue"^  curious  engine,  which  was  made 
ufe  of  for  driving  the  piles  of  Weftminfter-bridge  : 
and  the  reader  may  caft  his  eyes  upon  the  firft  and 
fecond  figures  of  the  plate,  in  which  the  fame  let¬ 
ters  of  reference  are  annexed  to  the  fame  parts,  in 
order  to  explain  thofe  in  the  fecond,  which  are  either 
partly  or  wholely  hid  in  the  firft. 

'i-  A  is  the  great  upright  ftiaft  or  axle,  on  which 
are  the  great  wheel  B  and  drum  C,  turned  by  horfes 
joined  to  the  bars  The  wheel  B  turns  the 
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trundle  X,  on  the  top  of  whofe  axis  is  the  fly  O, 
which  ferves  to  regulate  the  motion,  and  alfo  to 
a6l  againfl:  the  horfes,  and  keep  them  from  falling 
when  the  heavy  ram  ^  is  difcharged  to  drive  the 
pile  P  down  into  the  mud  in  the  bottom  of  the 
river.  The  drum  C  is  loofe  upon  the  fhaft  X,  but 
is  locked  to  the  wheel  B  by  the  bolt  T.  On  this 
drum  the  great  rope  HH  is  wound  ;  one  end  of 
the  rope  being  fixed  to  the  drum,  and  the  other  to 
the  follower  G,*  to  which  it  is  conveyed  over  the 
pullies  I  and  K.  In  the  follower  G  is  contained 
the  tongs  F  (See  Fig.  3.)  that  takes  hold  of  the 
ram  ^  by  the  fbaple  R  for  drawing  it  up.  D  is 
a  fpiral  or  fufee  fixt  to  the  drum,  on  which  is 
wound  the  fmall  rope  F  that  goes  over  the  pulley 
G,  under  the  pulley  and  is  faftened  to  the  top 
of  the  frame  at  7.  To  the  pulley- block  V  is  hung 
the  counterpoife  which  hinders  the  follower  from 
accelerating  as  it  goes  down  to  take  hold  of  the 
ram  :  for,  as  the  follower  tends  to  acquire  velocity 
in  its  defeent,  the  line  T  v/inds  downwards  upon 
the  fufee,  on  a  larger  and  larger  radius,  by  which 
means  the  counterpoife  /Gadfs  ftronger  and  ftronger 
againfl:  it  ;  and  fo  allows  it  to  come  down  with 
only  a  moderate  and  uniform  velocity.  The  bolt 
T  locks  the  drum  to  the  great  wheel,  being  pufhed 
upward  by  the  fmall  lever  2,  which  goes  through 
a  mortife  in  the  fhaft  'y/,  turns  upon  a  pin  in  the 
bar  3  fixt  into  the  great  wheel  B,  and  has  a  weight 
4  which  always  tends  to  pufh  up  the  bolt  T  through 
the  wheel  into  the  drum.  L  is  the  great  lever 
turning  on  the  axis  w,  and  refling  upon  the  forcing 
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bar  5,5,  which  goes  down  through  a  hollow  ia 
the  fhafc  and  bears  upon  the  little  lever  2. 

By  the  horfes  going  round,  the  great  rope  H  is 
wound  about  the  drum  C,  and  the  ram  ^^is  drawn 
up  by  the  tongs  F  in  the  follower  G,  until  the  tongs 
comes  between  the  inclined  planes  E  *,  which,  by 
fhutting  the  tongs  at  the  top,  opens  it  at  the 
foot,  and  difcharges  the  ram,  v/hich  falls  down  be¬ 
tween  the  guides  bb  upon  the  pile  P,  and  drives  it 
by  a  few^  ftrokes  as  far  into  the  mud  as  it  can 
go  ;  after  which,  the  top- part  is  fawed  off  clofe  to 
the  mud,  by  an  engine  for  that  purpofe.  Imme¬ 
diately  after  the  ram  is  difcharged,  the  piece  6 
upon  the  follower  G  takes  hold  of  the  ropes 
which  raife  the  end  of  the  lever  L,  and  caufe  its 
end  N  to  defcend  and  prefs  down  the  forcing  bar  5 
upon  the  little  lever  2,  which,  by  pulling  down  the 
bolt  P,  unlocks  the  drum  C  from  the  great  wheel 
E  \  and  then  the  follower,  being  at  liberty,  comes 
down  by  its  own  weight  to  the  ram  *,  and  the  lower 
ends  of  the  tongs  flip  over  the  llaple  P,  and  the 
weight  of  their  head^  caufes  them  to  fall  outward, 
and  fhuts  upon  it.  Then  the  weight  4  pufhes  up 
the  bolt  T  into  the  drum,  which  locks  it  to  the 
great  wheel,  and  fo  the  ram  is  drawn  up  as  before. 

As  the  follower  comes  down,  it  caufes  the  drum 
to  turn  backward,  and  unwinds  the  rope  from  it, 
whilfl  the  horfes,  great  wheel,  trundle,  and  fly  go 
on  with  an  uninterrupted  motion :  and  as  the 
drum  is  turning  backvv^ard,  the  counterpoife  JV  is 
drawn  up,  and  its  rope  T  wound  upon  the  fpiral 
fufee  D, 


There 


ri<.\TK  X 


of  the  pile  engine,  107 

I  There  are  feveral  holes  in  the  under  fide  of  the 
I  drum,  and  the  bolt  T  always  takes  the  firft  one 
'  that  it  finds  when  the  drum  hops  by  the  falling  of 
the  follower  upon  the  ram  •,  until  which  ftoppage, 

,  the  bolt  has  not  time  to  (lip  into  any  of  the  holes, 
j  This  engine  was  placed  upon  a  barge  on  the  wa- 
j  ter,  and  fo  was  eafily  conveyed  to  any  place  de- 
I  fired, -^I  never  had  the  good  fortune  to  fee  it,  but 
:  drew  this  figure  from  a  model  which  I  made  from 
I  a  print  of  it  *,  being  not  quite  fatisfied  with  the 
f  view  which  the  print  gives.  I  have  been  told  that 
the  ram  was  a  ton  weight,  and  that  the  guides 
between  which  it  was  drawn  up  and  let  fall  down, 
w^ere  30  feet  high.  I  fuppofe  the  great  wheel  may 
have  had  100  cogs,  and  the  trundle  10  ftaves  or 
rounds  ;  fo  that  the  fly  would  make  10  revolutions 
for  one  of  the  great  wheel. 

L  E  C  T.  V. 

0/  hydrojlaiics^  and  hydraulic  machines^  in  general, 

[ 

i  H  E  fcience  of  hydrojlatics  treats  of  the  nature, 

I  gravity,  prelTure,  and  motion  of  fluids  in 

i  general ;  and  of  weighing  foljds  in  them, 
f  A  fluid  is  a  body  that  yields  to  the  leaft  preflure,  Definitlpij 
or  difference  of  preffures.  Its  particles  mufl  be  ex-°^  afluici, 
ceedingly  fmall,  becaufe  they  cannot  be  difcerned 
by  the  beft  of  microlcopes  *,  they  mufl  be  hard, 
becaufe  no  fluid,  except  air  or  fleam,  can  be  preflTed 
into  a  lefs  (pace  than  it  naturally  poflefles  ;  they 
I  rnuft  alfo  be  round  and  fmooth,  becaufe  they  are  fo 
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calily  moved  among  one  another  ;  iinlefs  it  can  be 
fhewn  that  their  particles  do  not  adtually  touch 
each  other,  which  would  indeed  feem  to  be  the  cafe 
with  fuch  as  are  pungent  and  fharp  to  the  tafle. 

All  bodies,  both  fluid  and  foiid,  prefs  downwards 
by  the  force  of  gravity  :  but  fluids  have  this  v/on- 
derful  property,  that  their  preflfure  upwards  and 
fidewife  is  equal  to  their  preffure  downwards  •,  and 
this  is  always  in  proportion  to  their  perpendicular 
height,  without  any  regard  to  their  quantity  :  for, 
as  each  particle  is  quite  free  to  move,  it  will  move 
towards  that  part  or  fide  on  which  the  preflTure  is 
leaft.  And  hence,  no  particle  or  quantity  of  a 
fluid  can  be  at  reft  till  it  is  every  way  equally 
prefled. 

Plate  X.  To  fhew  by  experiment  that  fluids  prefs  upward 
fiSdsprefs^s  Well  as  downward,  let  be  a  long  upright 
as  much  tube,  filled  Vv^ith  water  near  to  its  top  •,  and  CD  a 
dowiivlrX  fmall  tube  open  at  both  ends,  and  immerfed  into 
the  vvater  in  the  large  one :  if  the  immerfion  be 
quick,  you  will  fee  the  water  rife  in  the  fmall  tube 
to  the  fame  height  that  it  ftands  in  the  great  one, 
or  until  the  furfaces  of  the  water  in  both  are  on 
the  fame  level :  which  fhews  that  the  water  is  preft 
upward  into  the  fmall  tube  by  the  weight  of  what 
is  in  the  great  one  ;  otherwife  it  could  never  rife 
therein,  contrary  to  its  natural  gravity  *,  unlefs  the 
diameter  of  the  bore  were  fo  fmall,  that  the  at- 
tradlion  of  the  tube  would  raife  the  water  ^  which 
will  never  happen  if  the  tube  be  as  wide  as  that 
in  a  common  baronieter.  And,  as  the  water  rifes 
no  higher  in  the  fmall  tube  than  till  its  furface  be 
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©11  a  level  with  the  furface  of  the  water  in  the  great 
one,  this  fhews  that  the  preffure  is  not  in  pro¬ 
portion  to  the  quantity  of  water  in  the  great  tube, 
but  in  proportion  to  its  perpendicular  height  there¬ 
in  :  for  there  is  much  more  water  in  the  great  tv  be, 
all  around  the  fmall  one,  than  what  is  raifed  to 
the  fame  height  in  the  fmall  one,  as  it  Hands  in  the 
great. 

Take  out  the  fmall  tube,  and  let  the  water  run 
out  of  it  ;  then  it  will  be  filled  with  air.  Stop 
its  upper  end  with  the  cork  C,  and  it  will  be  full 
of  air  all  below  the  cork:  this  done,  plunge  it 
again  to  the  bottom  of  the  water  in  the  great 
tube  ;  and  you  will  fee  the  water  rife  up  in  it  to 
the  height  £,  which  fhews  that  the  air  is  a  body, 
otherwife  it  could  not  hinder  the  water  from  rifing  ' 
up  to  the  fame  height  as  it  did  before,  namely  to 
and  in  fo  doing,  it  drove  the  air  out  at  the  top  ; 
but  now  the  air  is  confined  by  the  cork  C:  and  it 
alfo  fhews  that  the  air  is  a  comprefiible  body,  for 
if  it  were  not  fo,  a  drop  of  water  could  not  enter 
into  the  tube. 

The  prelfure  of  fluids  being  equal  in  all  di- 
re6lions,  it  follows  that  the  Tides  of  a  velTel  are  as 
much  prefiTed  by  a  fluid  in  it,  all  around  in  any 
given  ring  of  points,  as  the  fluid  below  that  ring 
is  preflTed  by  the  weight  of  all  that  ftands  above  it. 
Hence,  the  prelfure  upon  every  point  in  the  Tides, 
immediately  above  the  bottom,  is  equal  to  the 
prelfure  upon  every  point  of  the  bottom.  To  fliew  Fig.  2. 
this  by  experiment,  let  a  hole  be  made  at  e  in  the 
fide  of  the  tube  JB  clofe  by  the  bottom  •,  and 

another 


I 


Il0  Of  hydrbfaiicL 

another  hole  of  the  fame  fize  in  the  bottom  at  G  % 
then  pour  water  into  the  tube,  keeping  it  full 
long  as  you  choofe  the  holes  fliould  run,  and  have  two 
bafons  ready  to  receive  the  water  that  runs  through 
the  two  holes  j  until  you  think  there  is  enough  in  each 
bafon  y  and  you  will  find  by  meafuring  the  quan^ 
titles,  that  they  are  equal  ;  which  fliews  that  the 
water  run  with  equal  fpeed  through  both  holes  : 
and  this  it  could  not  have  done,  unlefs  it  had  been 
equally  prefled  through  them  both.  For^  if  a  hole 
of  the  fame  fize  be  made  in  the  fide  of  the  tube, 
as  about  /,  and  if  all  three  are  permitted  to  run 
together,  you  will  find  that  the  quantity  run  through 
the  hole  at  f  is  much  lefs  than  what  has  run  in  the 
fame  time  through  either  of  the  holes  C  or  e. 

In  the  fame  figure,  let  the  tube  be  re- curved  from 
the  bottom  at  C  into  the  fhape  D  Ey  and  the  hole 
at  C  be  flopt  with  a  cork^  '  Then,  pour  water  into 
the  tube  to  any  height,  as  Ag^  and  it  will  fpout  up 
in  a  jet  EFG^  nearly  as  high  as  it  is  kept  in  the 
tube  AB^  by  continuing  to  pour  in  as  much  there 
as  runs  through  the  hole  E  ;  which  will  be  the  cafe 
whilfl  the  furface  Ag  keeps  at  the  fame  height. 
And  if  a  little  ball  of  cork  G  be  laid  upon  the  top 
of  the  jet,  it  will  be  fupported  thereby,  and  dance 
upon  it.' — The  reafon  why  the  jet  rifes  not  quite 
fo  high  as  the  furface  of  the  water  Ag^  is  owing 
to  the  refiftance  it  meets  with  in  the  open  air  :  for 
if  a  tube  either  great  or  fmall  was  fcrewed  upon 
the  pipe  at  A,  the  water  would  rife  in  it  until  the 
furfaces  of  the  water  in  both  tubes  were  on  the  fame 
level  5  as  will  be  (hewn  by  the  next  experiment. 

Any 
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Any  quantity  of  a  fluid,  how  fmall  foev^er,  may  The  hydro- 
be  made  to  balance  and  fupport  any  quantity 
great  foever.  This  is  defervedly  termed  the  hydro^ 
fiatical  paradox^  which  we  lhall  firfi:  ihew  by  an 
:  periment,  and  then  account  for  it  upon  the  princi- 

I  pie  above  mentioned,  namely,  that  the  prejftire  of 
fluids  is  diredily  as  their  perpendicular  height j  without 
any  regard  to  their  quantity. 

Let  a  fmail  glafs  tube  DCG^  open  at  both  ends.  Fig.  3,  , 
and  bended  at  be  joined  to  the  end  of  a  great 
one  A I  at  cd^  where  the  great  one  is  alfo  open  % 
fo  that  thefe  tubes  may  in  their  openings  freely 
communicate  with  each*  other.  Then  pour  water 
through  a  fmail  necked  funnel  into  the  fmall  tube 
at  H  •,  this  water  will  run  through  the  joining  of 
the  tubes  at  cd^  and  rife  up  into  the  great  tube  : 
and  if  you  continue  pouring  until  the  fiirface  of 
the  w'ater  comes  to  any  part,  as  in  the  great 
tube,  and  then  leave  off,  you  will  fee  that  the  fur- 
face  of  the  water  in  the  fmall  tube  will  be  j.ufl  as 
high,  at  D;  fo  that  the  perpendicular  altitude  of 
the  water  will  be  the  fame  in  both  tubes,  however 
fmall  the  one  be  in  proportion  to  the  other.  This 
fliew^s,  that  the  huail  column  DCG  balances  and 
fupports  the  great  column  jdcd  y  which  it  could 
not  do,  if  their  prefilires  were  not  equal  againfl:  one 
another  in  the  recurved  bottom  at  5.— If  the  fmall 
tube  be  made  longer,  and  inclined  in  the  fituation. 

GEF^  the  furfaee  of  the  water  in  it  will  ftand  at 
F,  on  the  fame  level  with  the  furfaee  A  in  the  great 
tube  ;  that  is,  the  water  will  have  the  fame  per¬ 
pendicular  height  in  both  tubes,  although  the 
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column  in  the  fmall  tube. is  longer  than  that  in  the 
great  one  ^  the  former  being  oblique,  and  the  latter 
perpendicular. 

Since  then,  the  preflure  of  fluids  is  direftly  as 
their  perpendicular  heights,  without  any  regard  to 
,  their  quantities,  it  appears,  that  whatever  the  figure 
or  fize  of  veflTels  be,  if  they  are  of  equal  heights, 
and  if  the  areas  of  their  bottoms  are  equal,  the 
preifures  of  equal  heights  of  water  are  equal  upon 
.  the  bottoms  of  thefe  veflTels  ;  even  though  the  one 
fliould  hold  a  thoufand  or  ten  thoufand  times  as 
f'ig*  5*  much  water  as  would  fill  the  other*  To  confirm 
this  part  of  the  hydroftatical  paradox  by  an  expe¬ 
riment,  let  two  veflTels  be  prepared,  of  equal 
heights,  but  very  unequal  contents,  fuch  as  AB 
in  Fig.  4.  and  AB  in  Fig.  5.  Let  each  veflel  be 
open  at  both  ends,  and  their  bottoms  Dd^  T>d  be 
of  equal  widths.  Let  a  brafs  bottom  CC  be  ex- 
adfly  fitted  to  each  veflTel,  not  to  go  into  it,  but 
for  it  to  ftand  upon  *,  and  let  a  piece  of  wet  leather 
be  put  between  each  veflTel  and  its  brafs  bottom, 
for  the  fake  of  clofenefs.  Join  each  bottom  to  it^ 
velTel  by  a  hinge  jD,  fo  that  it  may  open  like  the  lid 
of  a  box  ;  and  let  each  bottom  be  kept  up  to  its 

veflel  by  equal  weights  E  and  F,  hung  to  lines 

which  go  over  the  pullies  F  and  F  (whofe  blocks 
are  fixed  to  the  fldes  of  the  veflTels  at/)  and  the 

lines  tied  to  hooks  at  d  and  d,  fixed  *in  the  brafs 

bottoms  oppofite  to  the  hinges  D  and  D.  Things 
being  thus  prepared  and  fitted,  hold  the  veflTel  AB 
'  (Fig.  5.)  upright  in  your  bands  over  a  bafon  on  a 
tabic,  and  caufe  water  to  be  poured  into  the  veflTel 

flowly. 


flovviy,  till  the  preffure  of  the  water  on  its  bottom 
bears  it  down  from  the  vefTel  at  the  fide  and 
raifes  the  weio;ht  E\  and  then  the  water  will  run 
out  at  d,  Mark  the  height  at  which  the  furface 
H  of  the  water  ftood  in  the  vefTel,  when  the  bottom 
began  to  give  way  at  d\  and  then,  holding  up  the 
other  velTel  AB  {Fig.  4.)  in  the  fame  manner, 
caufe  water  to  be  poured  into  it  at  and  you 
will  fee  chat  when  the  water  rifes  to  A  in  this  vefiel, 
juft  as  high  as  it  did  in  the  former,  its  bottom  will 
alfo  give  way  at  d^  and  it  will  lofe  all  the  water. 

The  natural  reafon  of  this  furprifing  phenomenon 
is,  that  fince  all  parts  of  a  fluid  at  equal  depths 
below  the  furface  are  equally  prefTed  in  all  manner 
of  diredlions,  the  water  immediately  below  the 
fixed  part  Bf  (Fig,  4.)  v/ill  be  prefTed  as  much  up¬ 
ward  againft  its  lower  furface  within  the  veiTel,  by 
the  aiftion  of  the  column  Agj  as  it  would  be  by  a 
column  of  the  fame  height,  and  of  any  diameter 
whatever;  (as  was  evident  by  the  experiment  with 
the  tube  Fig.  3.)  and  therefore,  fince  adtion  and  re- 
adlion  are  equal  and  contrary  to  one  another,  the 
water,  immediately  below  the  furface  Bfy  will  be 
:  prefTed  as  much  downward  by  it,  as  if  it  was  im- 
^  mediately  touched  and  prefTed  by  a  column  of  ’ the 
height  gA^  and  of  the  diameter  Bf :  and  therefore,’ 
the  water  in  the  cavity  BDdf  will  be  prefTed  as 
much  downward  upon  its  bottom  CC,  as  the  bottom 
of  the  other  veffel  (Fig.  5.)  is  prefTed  by  all  the' 
water  above  it. 

To  illuftrate  this  a  little  farther,  let  a  hole  bepig, 
made  at  /  in  the  fixed  top  £/,  and  let  a  tube  G 
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be  put  into  it ;  then,  if  water  be  poured  into  the 
tube  it  will  (after  filling  the  cavity  Bd)  rife  up 
into  the  tube  G,  until  it  comes  to  a  level  with  that  in 
the  tube  A\  which  is  manifeftly  owing  to  the 
prefTure  of  the  water  in  the  tube  upon  that  in 
the  cavity  of  the  velTel  below  it.  Confequently, 
that  part  of  the  top  in  which  the  hole  is  now 
made,  would,  if  corked  up,  be  prefTed  upward 
with  a  force  equal  to  the  weight  of  all  the  water 
which  is  fupported  in  the  tube  G:  and  the  fame 
thing  would /hold  at  if  a  hole  were  made  there. 
And  fo,  if  the  whole  cover  or  top  Bf  were  full  of 
holes,  and  had  tubes  put  into  them,  the  water  in 
eai:h  tube  would  rife  to  the  fame  height  as  it  is 
kept  into  the  tube  A^  by  pouring  more  into  it,  to 
make  up  the  deficiency  that  it  fuftains  by  fupplying 
the  others,  until  they  were  all  full,  if  equally  high  : 
and  then  the  water  in  the  tube  A  would  fupport  equal 
heights  of  water  in  all  the  reft  of  the  tubes.  Or, 
if  all  the  tubes  except  A,  or  any  other  one,  were 
-  taken  away,  and  a  large  tube  equal  in  diameter  to 
the  whole  top  5/ were  placed  upon  it,  and  cemented 
to  it,  and  then  if  water  were  poured  into  the  tube 
that  was  left  in  either  of  the  holes,  it  would  afcend 
through  all  the  reft  of  the  holes,  until  it  filled  the 
large  tube  to  the  fame  height  that  it  (lands  in  the 
fmali  one,  after  a  fufficient  quantity  had  been  poured 
into  it ;  which  ftiews,  that  the  top  B/  was  prefled 
upward  by  the  water  under  it ;  and  before  any  hole 
was  made  in  it,  with  a  force  equal  to  that  where¬ 
with  it  is  now  prefled  downward  by  the  weight  of 
all  the  water  above  it  in  the  great  tube.  And 

therefore. 
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therefore,  the  re-aftion  of  the  fixed  top  Bf  mu  ft 
be  as  great,  in  prefling  the  water  downward  upon 
the  bottom  CC,  as  the  whole  prefTure  of  the  water 
in  the  great  tube  would  have  been  if  the  top  .  had 
been  taken  away,  and  the  water  iii  that  tube  left 
to  prefs  diredly  upon  the  water  in  tKe  cavity 
BBdf  ^  , 

Perhaps  the  befl  machine  in  the  world  for  de-  Fig.  6. 
monflrating  the  upward  prefTure  of  fluids,  is  the 
hydroftatic  bellows  A ;  which  confifts  of  two  thick  The  hydn^ 
oval  boards,  each  about  1 6  inches  broad  and 
inches  long,  covered  with  leather,  to  open  and  lliut 
like  a  common  bellows,  but  without  valves ;  only 
a  pipe  three  feet  high,  is  fixed  into  the  bellows 
at  e.  Let  fome  water  be  poured  into  the  pipe  at 
which  will  run  into  the  bellows,  and  feparate 
the  boards  a  little.  Then,  lay  three  weights 
each  weighing  loo  pounds,  upon  the  upper  board; 
and  pour  more  water  into  the  pipe  5,  which  will 
run  into  the  bellows,  and  raife  up  the  board  with 
all  the  weights  upon  it :  and  if  the  pipe  be  kept 
full,  until  the  weights  are  raifed  as  high  as  the  leather 
which  covers  the  bellows  will  allow  them,  the  wa¬ 
ter  will  remain  in  the  pipe,  and  fupport  all  the 
weights,  even  though  it  fhould  weigh  no  more 
than  a  quarter  of  a  pound,  and  they  300  pounds :  nor 
will  all  their  force  be  able  to  caufe  them  todefcend 
and  force  the  water  out  at  the  top  of  the  pipe. 

The  reafon  of  this  will  be  made  evident,  by  con- 
fidering  what  has  been  already  faid  of  the  refult  of 
the  prefTure  of  fluids,  from  its  being  as  their  per¬ 
pendicular  height  without  any  regard  to  their 
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quantity.  For,  if  a  hole  be  made  in  the  upper 
board,  and  a  tube  be  put  into  it,  the  water  will 
rife  in  the  tube  to  the  fame  heie;ht  that  it  has  in  the 
pipe ;  and  would  rife  as  high  (by  fupplying  the 
pipe)  in  as  many  tubes  as  the  board  could  contain 
holes.  Now,  fiippofe  only  one  hole  to  be  made  in 
any  part  of  the  board,  of  an  equal  diameter  with 
the  bore  of  the  pipe  B ;  and  that  the  pipe  holds 
juft  a  quarter  of  a  pound  of  water :  if  a  perfon 
claps  his  finger  upon  the  hole,  and  the  pipe  be  filled 
with  water,,  he  will  find  his  finger  to  be  prefied  up¬ 
ward  with  a  force  equal  to  a  quarter  of  a  pound. 
And  as  the  fame  preiTure  is  equal  upon  all  equal 
parts  of  the  board,  each  part  whofe  area  is  equal 
to  the  area  of  the  hole  will  be  prefied  upward  with 
a  force  equal  to  that  of  a  quarter  of  a  pound  :  the 
fum  of  all  which  prefiures  againft  the  under  fide 
of  an  oval  board  i6  inches  broad,  and  i8  inches 
long,  will  amount  to  300  pounds  1  and  therefore, 
fo  much  v/eight  will  be  raifed  up,  and  fupported,  by 
a  quarter  of  a  pound  of  water  in  the  pipe. 

Howamati  Heiice,  if  a  man  ftands  upon  the  upper  board, 
hirafeifup-  and  blows  into  the  bellows  through  the  pipe  he 
will  raife  himfeif  upward  upon  the  board  :  and  the 
fmaller  the  bore  of  the  pipe  is,  the  eafier  he  will 
be  able  to  raife  himfeif.  ilnd  then,  by  clapping 
his  finger  upon  the  top  of  the  pipe,  he  can  fup- 
port  himielf  as  long  as  he  pleafes ;  provided  the 
bellows  be  air-tight,  fo  as  not  to  Ipfe  what  is  blown 
into  it. 

This  figure,  I  confefs,  ought  to  have  been  much 
larger  than  any  other  upon  the  plate  \  but  it  was 

not 
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not  thought  of,  until  all  the  reft  were  drawn  : 
and  it  could  not  fo  properly  come  into  any  other 
plate. 

Upon  this  principle  of  the  upward  prefilire  ofn  ow  lead 
fluids,  a  piece  of  lead  may  be  made  to  fwim  in 
water,  by  immerfing  it  to  a  proper  depth,  and  fwim  in 
keeping  the  water  from  getting  above  it.  Let  CD 
be  a  glafs  tube,  open  at  both  ends,  and  DDG  a 
fiat  piece  of  lead,  exadlly  fitted  to  the  lower  end  of  , 
the  tube,  not  to  go  within  it,  but  for  it  to  ftand 
Upon  ;  with  a  wet  leather  between  the  lead  and  tube 
to  make  clofe  work.  Let  this  leaden  bottom  be 
half  an  inch  thick,  and  held  clofe  to  the  tube  by 
philing  the  packthread  IHL  upward  at  L  with  one 
hand,  whilft  the  tube  is  held  in  the  other  by  the 
upper  end  C.  In  this  fituation,  let  the  tube  be  im- 
merfed  in  water  in  the  glafs  veflel  A B,  to  the  depth 
of  three  inches  below  the  furface  of  the  water  at 
Ky  and  then,  the  leaden  bottom  EFG  will  be 
plunged  to  the  depth  of  fo  me  what  more  than  eleven 
times  its  own  thicknefs :  holding  the  tube  at  that 
depth,  you  may  let  go  the  thread  at  L  *,  and  the 
lead  will  not  fall  from  the  tube,  but  will  be  kept 
to  it  by  the  upward  prefiure  of  the  water  below  it, 
occafioned  by  the  height  of  the  water  K  above  the 
level  of  the  lead.  The  reafon  whereof  is,  that  as 
lead  is  11.33  times  heavier  than  its  bulk  of  water;  ■ 
and  is  therefore  immerfed  to  a  depth  fome- 
what  more  than  11.33  its  thicknefs,  and  no 

water  getting  into  the  tube  between  it  and  the  lead, 
the  column  of  water  EahcG  below  the  lead  is 
preflfed  upward  againft  it  by  the  water  KDEGL^ 
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all  around  the  tube  *,  which  being  a  little  more 
than  11.33  as  high  as  the  lead  is  thick,  is 

fufRcient  to  balance  and  fupport  the  lead  at  the 
depth  KE.  If  a  little  water  be  poured  into  the 
tube  upon  the  lead,  it  will  increafe  the  weight  upon 
the  column  of  water  under  the  lead,  and  caufe  the 
lead  to  fall  from  the  tube  to  the  bottom  of  the 
glafs  veflel  *,  where  it  will  lie  in  the  fituation  hd» 
Or,  if  the  tube  be  raifed  a  little  in  the  water,  the 
lead  will  fall  by  its  own  weight,  which  will  then 
be  too  great  for  the^  preffure  of  the  water  around 
the  tube  upon  the  column  of  water  below  it. 

^ow  light  Let  two  pieces  of  wood  be  plained  quite  flat, 
fc^^made^to  no  water  may  get  in  between  them  if  they 
flf  together:  let  one  of  the  pieces  as  hd  be 

wker.  cemented  to  the  bottom  of  the  velTel  AB  (Fig.  7.) 
and  the  other  piece  be  laid  flat  and  clofe  upon  it, 
and  held  down  to  it  by  a  flick,  whilft  water  is 
poured  into  the  veffel ;  then  remove  the  flick,  and 
the  upper  piece  of  wood  will  not  rife  from  the 
lower  one  :  for,  as  the  upper  one  is  prefTed  down 
both  by  its  own  weight  and  the  weight  of  all  the 
Xvater  over  it,  whilft  the  contrary  preflure  of  the 
water  is  kept  off  by  the  wood  under  it,  it  will  lie 
as  ftill  as  a  ftone  would  do  in  its  place.  But  if  it 
be  raifed  ever  fo  little  at  any  edge,  fome  water  will 
then  get  under  it ;  which  being  a6led  upon  by  the 
water  above,  will  immediately  prefs  it  upward  *, 
and  as  it  is  lighter  than  its  bulk  of  water,  it  will 
rife,  and  fwim  upon  the  furface  of  the  water. 

All  fluids  weigh  juft  as  much  in  their  own  ele¬ 
ment  as  they  do  in  open  air.  To  prove  this  by 

experiment, 
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experiment,  let  as  much  flioc  be  put  into  a  phial, 
as,  when  corked,  will  make  it  fink  in  water :  and 
being  thus  charged,  let  it  be  weighed,  firft  in  air, 
and  then  in  water,  and  the  weights  in  both  cafes 
wrote  down.  Then,  as  the  phial  hangs  fufpended 
in  water,  and  counterpoifed,  pull  out  the  cork, 
that  water  may  run  into  it,  and  it  will  defeend, 
and  pull  down  that  end  of  the  beam.  This  done, 
put  as  much  weight  into  the  oppofitc  fcale  as  will 
reilore  the  equipoife  ;  which  weight  will  be  found 
to  anfwer  exactly  to  the  additional  weight  of  the 
phial  when  it  is  again  weighed  in  air  with  the  water 
in  it. 

The  velocity  with  which  water  fpouts  out  at  axhevdo- 
hole  in  the  fide  or  bottom  of  a  velTel,  is  as  the 
fquarc  root  of  the  depth  or  diflance  of  the  hole  watw. 
below  the  furface  of  the  water.  For,  in  order  to 
make  double  the  quantity  of  a  fluid  run  through 
one  hole  as  through  another  of  the  fame  fize,  it 
will  require  four  times  the  prefibre  of  the  other, 
and  therefore  four  times  its  depth  below  the  fur- 
face  of  the  water :  and  for  the  fame  reafon,  three 
times  the  quantity  running  in  an  equal  time  through 
the  fame  fort  of  hole,  mull  run  with  three  times 
'  the  velocity,  which  will  require  nine  times  the 
prelTure  •,  and  confequently  mull  be  nine  times  as 
deep  below  the  furface  of  the  fluid  :  and  fo  on. —  < 

To  prove  this  by  an  experiment,  let  two  pipes,  as 

*  The  fquare  root  of  any  number  is  that  which  being  mul¬ 
tiplied  by  itfelf  produces  the  faid  number.  Thuj,  i  is  the 
fquarc  root  of  4,  and  3  is  the  fquarc  root  of  9  :  for  2  multi¬ 
plied  by  2  produces  4,  and  3  multiplied  by  3  produces  9,  &c. 

I  4  C  and 
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C  and  of  equal  fiz’d  bores,  be  fi^ced  into  the  fide 
of  thg  veflel  JB',  the  pipe  ^  being  four  times  as 
deep  below  the  furl  ace  of  the  water  at  h  in  the  veflel 
as  the  pipe  C  is  :  and  whllfl  thefe  pipes  run,  let 
water  be  conflantly  poured  into  the  veflel,  to  keep 
the  furface  ftill  at  the  fame  height.  Then,  if  a  cup 
that  holds  a  pint  be  placed  at  K  to  receive  the  wa¬ 
ter  that  fpouts  from  the  pipe  C,  and  at  the  fame  mo¬ 
ment  a  cup  that  holds  a  quart  be  placed  near  L  to 
receive  the  water  that  fpouts  from  the  pipe  g,  both 
cups  will  be  filled  at  the  fame  time  by  their  re- 
fpebfive  pipes. 

The  horizontal  diftance,  to  which  a  fluid  will 
fpput  from  a  horizontal  pipe,  in  any  part  of  the 
fide  of  an  upright  veffel  below  the  furface  of  the 
fluid,  is  equal  to  twice  the  length  of  a  perpendi¬ 
cular  to  the  fide  of  the  veflel,  drawn  from  the 
mouth  of  the  pipe  to  a  femicircle  defcribed  upon 
the  altitude  of  the  fluid  :  and  therefore,  the  fluid 
\vili  fpout  to  the  greateil  diftance  polTible  from  a 
pipe,,  whofe  mouth  is  at  the  center  of  the  femicir¬ 
cle  •,  becaufe  a  perpendicular  to  its  diameter  (fup- 
pofed  parallel  to  the  fide  of  the  veflel)  drawn  from 
that  point,  is  the  greatefl:  that  can  poflibly  be  drawn 
from  any  part  of  the  diameter  to  the  circumference 
of  the  femicircle.  Thus,  if  the  veflTel  be  full 
of  water,  the  horizontal  pipe  D  be  in  the  middle  of 
its  fide,  and  the  femicircle  Nedcb  be  defcribed 
upon  D  as  a  center,  with  the  radius  or  femidia- 
meter  DgN,  or  Bf  b^  the  perpendicular  Dd  to  the 
diameter  NDb  is  the  greatefl  that  can  be  drawn 
from  any  part  of  the  diameter  to  the  circumference 

Nedcb* 
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Nedch.  And  if  the  veffei  be  kept  full,  the  jet  G 
will  fpout  from  the  pipe  D,  to  the  horizontal  diftance 
iVM,  which  is  double  the  length  of  the  perpen¬ 
dicular  Dd.  If  two  other  pipes,  as  C  and  A,  be  fixed 
into  the  fide  of  the  vefiel  at  equal  diftances  above 
and  below, the  pipe  D,  the  perpendiculars  Cc  and 
from  thefe  pipes  to  the  femicircle,  will  be 
equal ;  and  the  jets  F  and  H  fpouting  from  them 
will  each  go  to  the  horizontal  difiance  iVX  ;  which 
is  double  the  length  of  either  of  the  equal  perpen¬ 
diculars  Cc  or  Dd. 

If  either  of  thefe  pipes  be  elevated  45  degrees 
above  the  level  or  horizontal  pofition,  it  will  fpout  ^ 
the  water  ftill  farther  •,  and  at  that  elevation  will 
fpout  it  to  the  greateft  horizontal  diftance  poflible; 
taking  this  diftance  on  a  level  with  the  pipe.  At 
any  greater  or  lefs  elevation,  it  will  fpout  to  a  lefs 
diftance  :  and  at  equal  elevations  above  or  below 
45  degrees,  it  will  fpout  to  equal  diftances. 

Fluids  by  their  prefiTure  may  be  conveyed  over  How  water 
hills  and  valleys  in  bended  pipes,  to  any  height 
not  greater  than  the  level  of  the  fprings  from  over hiib 
whence  they  flow.  For  it  has  been  already  fhewn^”^'^^^^^^®* 
that  they  will  rife  to  the  fame  level  in  bended  pipes  *Pageiii. 
But  when  they  are  defigned  to  be  raifed  higher  than 
the  fprings,  forcing  engines  muft  be  ufed  ;  which 
fliall  be  deferibed  when  we  come  to  treat  of  pumps. 

A  fyphon^  generally  ufed  for  decanting  liquors, 
is  a  bended  pipe  whofe  legs  are  of  unequal  lengths*, 
and  the  fhorteft  leg  muft  always  be  put  into  the  li¬ 
quor  intended  to  be  decanted,  that  the  perpendi¬ 
cular  altitude  of  the  column  of  liquor  in  the  other 
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leg  may  be  longer  than  the  column  in  the  immerfed 
.  leg,  efpecially  above  the  lurface  ot  the  water. 
For,  if  both  columns  were  equally  high  in  that 
refped:,  the  atmofphere,  which  prelTes  as  much  up- 
w'ard  as  downward,  and  therefore  a6h  as  much  up¬ 
ward  againft  the  column  in  the  leg  that  hangs 
without  the  veflel,  as  it  ads  downward  upon  the 
furface  of  the  liquor  in  the  veflel,  would  hinder  the 
running  of  the  liquor  through  the  fyphon,  even 
though  it  were  brought  over  the  bended  top  by 
fudion.  So  that  there  is  nothing  left  to  determine 
the  motion  of  the  liquor,  but  the  fuperior  weight  of 
the  column  in  the  longer  leg,  on  account  of  its 
halving  the  greater  perpendicular  height. 

9-  Let  Z)  be  a  cup  filled  with  water  to  C,  and 
ABC  2,  fyphon,  whofe  fhorter.  leg  BCF  is  immerfed 
in  the  water  from  C  to  F,  If  the  end  of  the  other 
leg  were  no  lower  than  the  line  yfC,  which  is  level 
with  the  furface  of  the  water,  the  fyphon  would 
not  work,  even  though  the  air  fhould  be  drawn 
out  of  it  at  the  mouth  A,  For  although  the  fudion 
would  draw  fome  water  at  firfl:,  yet  the  water  would 
flop  at  the  moment  the  fudtion  ceafed  ;  becaufe  the 
air  would  ad  as  much  upward  againft  the  water  at 
A^  as  it  aded  for  it  by  prefling  downward  on  the 
furface  at  C,  But  if  the  leg  AB  comes  down  to 
G,  and  the  air  be  drawn  out  at  G  by  fudion,  the 
water  will  immediately  follow,  and  continue  to 
run,  until  the  furface  of  the  water  in  the  cup  comes 
down  to  F  j  becaufe,  until  then,  the  perpendicular 
height  of  the  column  BAG  will  be  greater  than 
that  of  the  column  CB\  and  confequently,  its  weight 

will 
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will  be  greater,  until  the  furface  comes  down  to 
F  y  and  then  the  fyphon  will  flop,  though  the  leg 
CF  ihould  reach  to  the  bottom  of  the  cup  at  ’ 

For  which  realbn,  the  leg  that  hangs  without  the 
cup  is  always  made  long  enough  to  reach  below 
the  level  of  its  bottom  *,  as  from  dto  E:  and  then, 
when  the  fyphon  is  emptied  of  air  by  fu<5lion  at 
Ey  the  water  immediately  follows,  and  by  its  con¬ 
tinuity  brings  away  the  whole  from  the  cup  *,  juft 
as  pulling  one  end  of  a  thread  will  make  the  whole 
clue  follow. 

If  the  perpendicular  height  of  a  fyphon,  from 
the  furface  of  the  water  to  its  bend  at  By  be  more 
than  33  feet,  it  will  draw  no  water,  even  though 
the  other  leg  were  much  longer,  and  the  fyphon 
quite  emptied  of  air  ;  becaufe  the  weight  of  a  co¬ 
lumn  of  water  33  feet  high  is  equal  to  the  weight 
of  as  V thick  a  column  of  air,  reaching  from  the 
furface  of  the  earth  to  the  top  of  the  atmolphere  ; 
fo  that  there  will  be  an  equilibrium,  and  confe- 
quently,  though  there  would  be  weight  enough  of 
I  air  upon  the  furface  C  to  make  the  water  afcend  in 
[  the  leg  CB  almoft  to  the  height  By  if  the  fyphon 
were  emptied  of  air,  yet  the  weight  would  not 
*  be  fufficient  to  force  the  water  over  the  bend  ;  and 
therefore,  it  could  never  be  brought  into  the  leg 
BJC. 

Let  a  hole  be  made  in  the  bottom  of  the  cup  J,  Fig,  lo. 
and  the  longer  leg  of  the  bended  fyphon 
,be  cemented  into  the  hole,  fo  that  the  end  D  of  the 
fliorter  leg  DE  may  almoft  touch  the  bottom  of 
the  cup  within.  Then,  if  water  be  poured  into 

this 
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this  cup,  it  will  rife  in  the  fliorter  leg  by  its  up¬ 
ward  prefTure,  extruding  the  air  all  the  way  before 
it  through  the  longer  leg  :  and  when  tht  cup  is 
filled  above  the  bend  of  the  fyphon  at  F,  the  pref- 
fure  of  the  water  in  the  cup  will  force  it  over  the 
bend  of  the  fyphon  ;  and  it  will  defcend  in  the  lon¬ 
ger  leg  CBG,  and  run  through  the  bottom,  until 
the  cup  be  emptied. 

This  is  generally  called  Tantaluses  cup,  and  the 
legs  of  the  fyphon  in  it  are  almoft  clofe  together  ; 
and  a  little  hollow  ftatue,  or  figure  of  a  man,  is 
fometimes  put  over  the  fyphon  to  conceal  it  •,  the 
bend  E  being  within  the  neck  of  the  figure  as  high 
a^s  the  chin.  So  that  poor  thirfty  Tantalus  flands 
up  to  the  chin  in  water,  imagining  it  will  rife  a 
little  higher,  and  he  may  drink  ;  but  inftead  of 
that,  when  the  water  comes  up  to  his  chin,  it  imme¬ 
diately  begins  to  defcend,  and  fo,  as  he  cannot 
fioop  to  follow  it,  he  is  left  as  much  pained  with 
third  as  ever. 

^efouniain  The  device  called  the  fountain  at  command  adls 
at  command,  fame  principle  with  the  fyphon  in  the  cup. 

Plate  XI.  Let  tv/0  vefiels  A  and  B  be  joined  together  by  the 
pipe  C  which  opens  into  them  both.  Let  A  be 
open  at  top,  B  clofe  both  at  top  and  bottom,  (fave, 
only  a  fmall  hole  at  h  to  let  the  air  get  out  of  the 
vefiel  B  ,)  and  A  be  of  fuch  a  fize,  as  to  hold  about 
fix  times  as  much  water  as  B,  Let  a  fyphon  D  EF 
be  foldered  to  the  veffel  fo  that  the  part  DEe 
may  be  within  the  vefiel,  and  F  without  it ;  the 
end  D  almod  touching  the  bottom  of  - the  vellel, 
and  the  end  F  below  the  level  of  D :  the  veffel  B 

hanging 
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I  hanging  at  A  by  the  pipe  C  (foldered  into  both)  and 
I  the  whole  fupported  by  the  pillars  G  and  H  upon 
the  Hand  /.  The  bore  of  the  pipe  miift  be  con- 
fiderably  lefs  than  the  bore  of  the  fyphon. 

The  machine  being  thus  conftrudled,  let  the  veffel 
I  A  be  filled  with  water,  which  will  run  through  the 
I  pipe  C,  and  fill  the  vefiel  B,  When  B  is  filled  above 
the  top  of  the  fyphon  at  the  water  will  run 
[  through  the  fyphon,  and  be  difcharged  atT.  But 
iince  the  bore  of  the  fyphon  is  larger  than  the  bore 
of  the  pipe,  the  fyphon  will  run  faller  than  the 
I  pipe,  and  will  foon  empty  the  veffel  B  ;  upon  which 
I  the  v/ater  will  ceafe  from  running  through  the  fy¬ 
phon  at  T,  until  the  pipe  C  re- fills  the  veiTel  B  ; 

;  and  then  it  will  begin  to  run  as  before.  And  thus 
the  fyphon  will  continue  to  run  and  flop  alternately, 
f  until  all  the  water  in  the  veffel  A  has  run  through, 
the  pipe  C. — -So  that  after  a  few  trials,  one  may 
eafily  guefs  about  what  time  the  fyphon  will  flop, 
and  when  it  will  begin  to  run  :  and  then,  to  amufe 
;  others,  he  may  call  out  Jiop^  or  run^  accordingly. 

Upon  this  principle,  we  may  eafily  account  for  intermitting 
,  intermitting  or  reciprocating  fprings.  Let  A  A 
part  of  a  hill,  within  which  there  is  a  cavity  BB  -sFig,  2. 
and  from  this  cavity  a  vein  running  in  the  diredlion 
BCDE,  The  rain  that  falls  upon  the  fide  of  the 
hill  will  fink  and  flrain  through  the  fmall  pores 
i  and  crannies  G,  G,G,G;  and  fill  the  cavity  with 
I  water  K.  When  the  water  rifes  to  the  level  HHQ 
I  the  vein  BCDE  will  be  filled,  and  begin  to  run 
j  F,  like  a  fyphon  j  which  running  will  continue 
I  until 

1 
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until  the  cavity  be  emptied,  and  then  it  will  flop 
until  the  cavity  be  filled  again. 

^\\tcommn  The  common  fucking  pump^  with  which  we  draw 
^ater  out  of  wells,  is  an  engine  both  pneumatic  and 
hydraulic.  It  confifts  of  a  pipe  open  at  bothends^ 
in  which  is  a  moveable  pifton,  bucket,  or  fucker, 
as  big  as  the  bore  of  the  pipe  in  that  part  wherein  it 
works ;  and  is  leathered  round,  fo  as  to  fit  the  bore 
exactly  ;  and  may  be  moved  up  and  down,  without 
fuffering  any  air  to  come  between  it  and  the  pipe  or 
pump  barrel. 

We  fiiall  explain  the  conftrudlion  both  of  this 
and  the  forcing  pump  by  pi6]:ures  of  glafs  models, 
in  which,  both  the  action  of  the  piftons  and  mo¬ 
tion  of  the  valves  are  feen. 

f'tg.  Hold  the  model  JBC  upright  in  the  vefiel  of 

water  Ky  the  water  being  deep  enough  to  rife  at 
leaft  as  high  as  from  to  Z.  The  valve  a  on  the 
moveable  bucket  G,  and  the  valve  ^  on  the  fixed 
box  Hy  (which  quite  fills  the  bore  of  the  pipe  or 
barrel  at  H)  will  each  lie  clofe,  by  its  own  weight, 
upon  the  hole  in  the  bucket  and  box,  until  the 
engine  begins  to  work.  The  valves  are‘lnade  of 
brafs,  and  covered  underneath  with  leather  for  clof- 
ing  the  holes  the  more  exa6lly :  and  the  bucket  G 
is  raifed  and  deprefled  alternately  by  the  handle  E 
and  rod  Ddy  the  bucket  being  fuppofed  at  B  before 
the  working  begins. 

Take  hold  of  the  handle  Z,  and  thereby  draw 
up  the  bucket  from  B  to  C,  which  will  make  room 
for  the  air  in  the  pump  all  the  way  below  the  bucket 

to 
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tx>  dilate  itfclf,  by  which  its  Ipring  is  weakened, 
and  then  its  force  is  not  equivalent  to  -the  weight  or 
prelTure  of  the  outward  air  upon  the  water  in  the 
veficl  K:  and  therefore,  at  the  firft  ftroke,  the  out¬ 
ward  air  will  prefs  up  the  water  through  the  notched 
foot  into  the  lower  pipe,  about  as  far  as  e :  this 
will  condeiife  the  rarefied  air  in  the  pipe  between 
e  and  C  to  the  fame  ftate  it  was  in  before  •,  and 
then,  as  its  fpring  within  the  pipe  is  equal  to  the 
force  or  prelTure  of  the  outward  air,  the  water  will 
rife  no  higher  by  the  firft  ftroke  ;  and  the  valve 
which  was  raifed  a  little  by  the  dilation  of  the  air 
in  the  pipe,  will  fall,  and  flop  the  hole  in  the  box 
H  \  and  the  furface  of  the  water  will  (land  at  c. 
Then,  deprefs  the  pifton  or  bucket  from  C  to  i?, 
and  as  the  air  in  the  part  B  cannot  get  back  again 
through  the  valve  it  will  (as  the  bucket  defeends) 
raife  the  valve  and  fo  make  its  way  through  the  up- 
jper  part  of  the  barrel  d  into  the  open  air.  But 
upon  raifing  the  bucket  G  a  fecond  time,  the  air 
between  it  and  the  water  in  the  lower  pipe  at  e  will 
be  again  left  at  liberty  to  fill  a  larger  fpace*,  and 
fo  its  fpripg  being  again  weakened,  the  prelTure  of 
the  outward  air  on  the  water  in  the  vellel  K  will 
force  more  water  up  into  the  lower  pipe  from  to  /  * 
and  when  the  bucket  is  at  its  greateft  height  C,  the 
lower  valve  b  will  fall,  and  (top  the  hole  in  the  box 
li  as  before.  At  the  next  ftroke  of  the  bucket  or 
pifton,  the  water  will  rife  through  the  box  H  to- 
wards  and  then  the  valve  which  was  raifed  by 
ky  will  fall  when  the  bucket  G  is  at  its  greateft: 
height.  Upon  deprefling  the  bucket  again,  the 

water 
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water  cannot  be  pufhed  back  througli  the  valve 
which  keeps  clofe  upon  the  hole  whilft  the  pifton 
defcends.  And  upon  railing  the  piilon  again,  the 
outward  prefTure  of  the  air  will  force  the  water  up 
through  where  it  will  raife  the  valve,  and  fol¬ 
low  the  bucket  to  C.  Upon  the  next  deprefuon  of 
the  bucket  G,  it  will  go  down  into  the  v/ater  in 
the  barrel  B ;  and  as  the  water  cannot  be  driven 
back  through  the  now  clofe  valve  it  will  raife 
the  valve  a  as  the  bucket  defcends,  and  will  be 
lifted  up  by  the  bucket  when  it  is  next  raifed.  And 
now,  the  whole  fpace  below  the  bucket  being  full, 
the  water  above  it  cannot  fnk  w^hen  it  is  next  de- 
prefled ;  but  upon  its  depreflion,  the  valve  a  will 
rife  to  let  the  bucket  go  down  ;  and  when  it  is 
quite  down,  the  valve  a  wnll  fall  by  its  weight,  and 
flop  the  hole  in  the  bucket.  When  the  bucket  is 
next  raifed,  all  the  water  above  it  will  be  lifted  up, 
and  begin  to  run  off  by  the  pipe  F,  And  thus, 
by  raifing  and  depreffing  the  'bucket  alternately, 
there- is  ftiil  more  water  raifed  by  it  •,  which  getting 
over  the  pipe  into  the  wide  top  /,  will  fupply  the 
pipe,  and  make  it  run  with  a  continued  flream. 

So,  at  every  time  the  bucket  is  raifed,  the  valve 
h  rifes  and  the  valve  a  falls ;  and  at  every  time  the 
bucket  is  deprefled,  the  valve  h  falls  and  a  riles. 

As  it  is  the  preflure  of  the  air  or  atmofphere 
which  caufes  the  water  to  rife,  and  follow  the  pifton 
or  bucket  G  as  it  is  drawn  up  j  and  fince  a  column 
of  water  33  feet  high  is  of  equal  weight  with  as 
thick  a  column  of  the  atmofphere,  from  the  earth 
to  the  very  top  of  the  air  j  therefore,  the  perpen- 
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dicular  height  of  the  pifton  or  backet  frotn  the 
furface  of  the  water  in  the  well,  mud  always  be 
lefs  than  33  feet  j  otherwife  the  water  will  never 
get  above  the  bucket.  But,  when  the  height  is 
iefs,  the  prefTure  of  the  atmofphere  will  be  greater 
than  the  weight  of  the  water  in  the  pump,  and  will 
therefore  raife  it  above  the  bucket :  and  when  the 
water  has  once  got  above  the  bucket,  it  may  be 
lifted  thereby  to  any  height,  if  the  rod  D  be  made 
long  enough,  and  a  fufficient  degree  of  ftrength  be 
employed,  to  raife  it  with  the  weight  of  the  water 
above  the  bucket  \  without  ever  lengthening  the 
flroke. 

The  force  required  to  work  a  pump,  will  be  as 
the  height  to  which  the  water  is  raifed,  and  as  the 
fquare  of  the  diameter  of  the  pump-bore,  in  that 
part  where  the  pifton  works.  So  that,  if  two 
pumps  be  of  equal  heights, ,  and  one  of  them  twice 
as  wide  in  the  bore  as  the  other,  the  wideft  will 
raife  four  times  as  much  water  as  the  narrowed  \ 
and  will  therefore  require  four  times  as  much 
ftrength  to  work  it. 

The  widenefs  or  narrownefs  of  the  pump,  if  any 
other  part  befides  that  in  which  the  pifton  works, 
does  not  make  the  pump  either  more  or  lefs  dif¬ 
ficult  to  work  •,  except  what  difference  may  arife 
from  the  friblion  of  the  water  in  the  bore,  which 
is  always  greater  in  a  narrow  bore  than  in  a  wide 
one,  becaufe  of  the  greater  velocity  of  the  water : 
upon  which  account,  the  wider  the  better. 

The  pump  rod  is  never  ;;aifed  diredly  by  fuch  a 
handle  as  E  at  the  top,  but  by  means  of  a  lever, 

K  whofe 
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whofe  longer  arm  (at  the  end  of  which  the  power 
is  applied)  generally  exceeds  the  length  of  the 
fliorter  arm  five  or  fix  times  ;  and,  by  that  means, 
gives  five  or  fix  times  as  much  advantage  to  the 
power.  Upon  thefe  principles,  it  will  be  eafy  to 
find  the  dimenfions  of  a  pump  that  fhall  work  with 
a  given  force,  and  draw  water  from  any  given 
depth.  But,  as  thefe  calculations  have  been  ge¬ 
nerally  negledled  by  pump-makers  (either  for  want 
of  fkill  or  induftry)  the  following  table  was  calcu¬ 
lated  by  the  late  ingenious  Mr.  Booth  for  their  be¬ 
nefit.  In  this  calculation,  he  fuppofed  the  handle 
of  the  pump  to  be  a  lever  increafing  the  power 
five  times  ;  and  had  often  found  that  a  man  can 
work  a  pump  four  inches  diameter,  and  30  feet 
high  above  the  bucket,  and  difcharge  2j~  gallons 
of  water  (Englifli  wine  meafure)  in  a  minute. 
Now,  if  it  be  required  to  find  the  diameter  of  a 
pump,  that  fhall  raife  water  with  the  fame  eafe  from 
any  other  height  above  the  bucket ;  look  for  that 
height  in  the  firfl:  column,  and  over-againfl  it  in  the 
fecond  you  have  the  diameter  or  width  of  the 
pump  •,  and  in  the  third,  you  find  the  quantity  of 
water  which  a  man  of  ordinary  flrength  can  dif¬ 
charge  in  a  minute. 
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Tht  forcing  pump  raifes  water  through  the  box  Fig.  4. 
H  in  the  fame  manner  as  the  fucking  pump  does, 
when  the  plunger  or  pifton  g  is  lifted  up  by  the  rod 
Dd,  But  this  plunger  has  no  hole  through  it,  to 
let  the  water  in  the  barrel  BC  get  above  it,  when  it 
is  deprefled  to  and  the  valve  h  (which  rofe  by 
the  afcent  of  the  water  through  the  box  H  when 
the  plunger  was  drawn  up)  falls  down  and  flops 
the  hole  in  the  moment  that  the  plunger  is  raifed 
I  to  its  greatefl  height.  Therefore,  as  the  water  be- 
i  tween  the  plunger  g  and  box  H  can  neither  get 
through  the  plunger  upon  its  defcent,  nor  back 
again  into  the  lower  part  of  the  pump  Le^  but  has 
^  K,  2  a  free 
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a  free  paflage  by  the  cavity  mn  into  the  pipe  MM^ 
which  opens  into  the  air-veffel  KK  at  P ;  the  wa¬ 
ter  is  forced  through  the  pipe  MM  by  the  defcent 
of  the  plunger,  and  driven  into  the  air  veilel  •,  and. 
in  running  up  through  the  pipe  at  P,  it  opens  the' 
valve  a  \  which  Ihuts  at  the  moment  the  plunger 
begins  to  be  raifed,  becaufe  the  a6tion  of  the  water 
againft  the  under  fide  of  the  valve  then  ceafes. 

The  water,  being  thus  forced  into  the  air- veiTel  A7f, 
by  repeated  drokes  of  the  plunger,  gets  above  the 
,  lower  end  of  the  pipe  GHI^  and  then  begins  to 
condenfe  the  air  in  the  velTel  KK.  For,  as  the  pipe 
GH  is  fixed  air-tight  into  the  veffel  below  P,  and 
the  air  has  no  way  to  get  ^  out  of  the  vefiel  but 
through  the  mouth  of  the  pipe  at  /,  and  cannot 
get  out  when  the  mouth  I  is  covered  with  water  \ 
and  is  more  and  more  condenfed  as  the  water  rifes 
upon  the  pipe,  the  air  then  begins  to  abf  forcibly  by 
its  fpring  againft  the  furface  of  the  water  H :  and 
this  acftion  drives  the  water  up  through  the  pipe 
IHG  from  whence  it  fpouts  in  a  jet  S  to  a  great 
height  •,  and  is  fupplied  by  alternately  raifing  and 
deprefting  of  the  plunger  which  conftantly  for¬ 
ces  the  water  that  it  raifes,  through  the  valve  77, 
along  the  pipe  MM^  into  the  air  veffel  KK. 

The  higher  that  the  furface  of  the  water  H  is 
raifed  in  the  air-veffei,  the  lefs  fpace  will  the  air, 
which  before  filled  that  veffel,  be  condenfed  into  ; 
and  therefore  the' force  of  its  fpring  will  be  fo  much 
the  ftronger  upon  the  water,  and  vdll  drive  it  with 
the  greater  force  through  the  pipe  at  F :  and  as  the 
fpring  of  the  air  coatinues  whilft  the  plunger^  is 

rifing. 
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rifing,  the  ftream  or  jet  S  will  be  uniform  as  long 
as  the  action  of  the  plunger  continues  :  and  when 
i  the  valve  h  opens,  to  let  the  water  follow  the  plun- 
i  ger  upward,  the  valve  a  fhuts,  to  hinder  the  water^ 

I  which  is  forced  into  the  air  yeffel,  from  running 
I  back  by  the  pipe  MM  into  the  barrel  of  the  pump. 

I  If  there  were  no  air-velTel  to  this  engine,  the 
I  pipe  GHI  would  be  joined  to  the  pipe  MMN  at 
j  P ;  and  then,  the  jet  S  would  ftop  every  time  the 
plunger  is  raifed,  and  run  only  v/hen  the  plunger 
is  deprefled. 

Mr.  Newjham'*s>  water-engine,  for  extinguiOiing 
I  fire,  confifbs  of  two  forcing  pumps,  which  alter- 
;  nately  drive  water  into  a  clofe  vefTei  of  air;  and 
I  by  forcing  the  water  into  that  velTel,  the  air  in  it 
is  thereby  condenfed,  and  comprelfes  the  water  fo 
flrongly,  that  it  rufhes  out  with  great  impetuofity 
and  force  through  a  pipe  that  comes  down  into  it ; 
and  makes  a  continued  ftream  by  the  condenfation 
of  the  air  upon  its  furface  in  the  vefleL 
!  By  means  of  forcing  pumps,  water  may  be 
I  raifed  to  any  height  above  the  level  of  a  river  or 
;  fpring ;  and  machines  may  be  contrived  to  work 
j  thefe  pumps  either  by  a  running  ftream,  a  fall  of 
i  water,  or  by  horfes.  An  inftance  in  each  fort 
;  Will  be  fufficient  to  fhew  the  method. 

Firfty  by  a  running  ftream,  or  a  fall  of  water.  Plate  xir 
'  Let  AA  ht  2,  wheel,  turned  by  the  fall  of  water 
I  BE  and  have  any  number  of  cranks  (fuppoferix) 
i  as  C^D^E^FyG^H,  on  its  axis,  according  to  the 
i  ftrength  of  the  fall  of  water,  and  the  height  to 
i  which  the  water  is  intended  to  be  railed  by  the 

K  3  .  engine. 
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A  pump  engine.  As  the  wheel  turns  round,  thefe  ' cranks 
wa. the  levers'  up  and  down,  by 

the  iron  rods  which  alternately  raife 

and  deprefs  the  piftons  by  the  other  iron  rods 

in  twelve  pumps ;  nine  whereof, 
as  Z,  My  Nj  O,  P,  Ry  Sy  P,  appear  in  the  plate  ; 
the  other  three  being  hid  behind  the  work  at  F, 
And  as  pipes  may  go  from  all  thefe  pumps,  to 
convey  the  water  (drawn  up  by  them  to  a  fmall 
height)  into  a  clofe  ciftern,  from  which  the  main 
pipe  proceeds,  the  w^ater  will  be  forced  into  this 
ciftern  by  the  defcent  of  the  piftons.  And  as  each 
pipe,  going  from  its  refpedlive  pump  into  the  cif¬ 
tern,  has  a  valve  at  its  end  in  the  ciftern,  thefe 
valves  will  hinder  the  return  of  the  water  by  the 
pipes  *5  and  therefore,  when  the  ciftern  is  once  full, 
eacLpifton  upon  its  defcent  will  force  the  water 
(conveyed  into  the  ciftern  by  a  former  ftroke)  up 
the  main  pipe,  to  the  height  the  engine  was  in¬ 
tended  to  raife  it :  which  height  depends  upon  the 
quantity  raifed,  and  the  powder  that  turns  the  wheel. 
When  the  power  upon  the  wheel  is  leftfened  by  any 
defed:  of  the  quantity  of  water  turning  it,  a  pro¬ 
portionable  number  of  the  pumps  may  be  laid 
afide,  by  difengaging  their  rods  from  the  vibrating 
levers. 

This  figure  is  a  reprefen tation  of  the  engine 
ereded  at  Blenheim  for  the  Duke  of  Marlborough 
by  the  late  ingenious  Mr.  Alderfea,  The  water 
wheel  is  74  feet  in  diameter,  according  to  Mr, 
Switzerh  account  in  his  Hydraulics. 
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When  fuch  a  machine  is  placed  in  a  dream  that 
runs  upon  a  fmall  declivity,  the  motion  of  the  le¬ 
vers  and  a6lion  of  the  pumps  will  be  but  How ; 
fince  the  wheel  mud  go  once  round  for  each  droke 
of  the  pumps.  But,  when  there  is  a  large  body 
of  flow  running  water,  a  cog  or  fpur  wheel  may 
be  placed  upon  each  fide  of  the  water  wheel  AA^ 
upon  its  axis,  to  turn  a  trundle  upon  each  fide^ 
the  cranks  being  upon  the  axis  of  the  trundle. 

And  by  proportioning  the  cog  wheels  to  the  trun¬ 
dles,  the  motion  of  the  pumps  may  be  rnade 
quicker,  according  to  the  quantity  and  drengt^  of 
the  water  upon  the  fird  wheel  *,  which  may  be  a$ 
great  as  the  workman  pleafes,  according  to  tl^ie  , 
length  and  breadth  of  the  float* boards  or  win^s 
of  the  wheel.  In  this  manner,  the  engine  for  r^if- 
ing  water  at  London^Bridge  is  condrudled ;  in  wjjich, 
the  v/ater  wheel  is  feet  diameter,  and  the  floats 
J4  feet  long. 

Where  a  dream,  or  faH:^  ^^ten^annot  be  had,  A  pump 
and  gentlemen  want  to  have  water  raifed,  andgo^j,”y 
brought  to  their  houfes  from  a  rivulet  or  fpring  *,  Wes. 
this  may  be  effected  by  a  horfe- engine,  working 
three  forcing  pumps  which  dand  in  a  refervoir 
filled  by  the  fpring  or  rivulet :  the  pidons  being 
moved  up  and  down  in  the  pumps  by  means  of  a 
triple  crank  ABC^  which,  as  it  is  turned  round  by 
the  trundle  G,  raifes  and  depreffes  the  rods  D,E^F. 

The  trundle  may  be  turned  by  fuch  a  wheel  as  Trig.  a. 
in  Fig.  I.  of  Plate  VIII.  having  levers on 
its  upright  axle,  to  which  horfes  may  be  jointed  for 
working  the  engine.  And  if  the  wheel  has  three 
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times  as  many  cogs  as  the  trundle  has  ftaves  or 
rounds,  the  trundle  and  cranks  will  make  three  re¬ 
volutions  for  everyone  of  the  wheel:  and  as  each 
crank  will  fetch  a  ftroke  in  the  time  it  goes  round, 
the  three  cranks  wdll  make  nine  ftrokes  for  every 
turn  of  the  great  wheel. 

The  cranks  ilrould  be  made  of  call  iron,  be- 
caufe  that  will  not  bend  5  and  they  fhould  each 
make  an  angle  of  120  with  both  of  the  others,  as 
at  a^h^c\  which  is  (as  it  were)  a  view  of  their  radit^ 
in  looking  endwife  at  the  axis  ;  and  then,  there 
will  be  always  one  or  other  of  therh  going  down- 
v/ard,  which  will  pufh  the  water^  forward  with  a 
continued  ftream  into  the  main  pipe.  For,  when 
h  is  almoft  at  its  lowed:  fituation,  and  is  therefore 
jufl  beginning  to  lofe  its  adlion  upon  the  pillon 
"which  it  moves,  c  is  beginning'  to  move  down¬ 
ward,  which  will  by  its  pifton  continue  the  pro¬ 
pelling  force  upon  the  water :  and  when  c  is  come 
down  to  the  pofition  of  a  will  be  in  the  pofition 
of  c. 

The  trundle  may  be  either  on  the  upper  or  under 
fide  of  the  rim  of  the  great  wheel,  at  the  difere- 
tion  of  the  workman. 

The  more  perpendicularly  the  pifton-rods  move 
up  and  down  in  the  pumps,  the  freer  and  better 
will  their  ftrokes  be  :  but  a  little  deviation  from 
the  perpendicular  will  not  be  material.  Therefore, 
when  the  pump-rods  D,£,  and  F  go  down  into 
a  deep  v^ell,  they  may  be  moved  diredlly  by  the' 
cranks,  as  is  done  in  a  very  good  horfe-engine  of 
this  lore  at  Sir  Jaynes  Creed's^  which  forces  up  w^a- 

ter 
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ter  about  40  feet  from  a  well  under  ground,  to  i  re- 
fervoir  on  the  top  of  his  houfe  at  Greenwich,  But 
when  the  cranks  arc  only  at  a  fmall  height  above 
the  pumps,  the  piftons  muft  be  moved  by  vibrating 
levers,  as  in  the  above  engine  at  Blenheim :  and  the 
longer  the  levers  are,  the  nearer  will  the  ftrokes  be 
to  a  perpendicular. 

Let  us  fuppofe,  that  in  fuch  an  engine  as  SirAcakufa- 

,0  7,  1  11-  r  T  tion  of  t!i« 

James  treed  s,  the  great  wheel  is  12  reet  diameter,  quantity  of 
the  trundle  4  feet,  and  the  radius  or  length  of  each 
crank  to  be  9  inches,  working  a  pifton  in  its  pump,  raifedbya 
Let  there  be  three  pumps  in  all,  and  the  bore 

e  r  7  gjue, 

each  pump  be  four  inches  diameter.  Then,  if  the 
great  v/heel  has  three  times  as  many  cogs  as  the 
trundle  has  ftaves,  the  trundle  and  cranks  will  go 
three  times  round  for  each  revolution  of  the  horfes 
and  wheel,  and  the  three  cranks  will  make  nine 
ftrokes  of  the  pumps  in  that  time,  each  ftroke  be¬ 
ing  18  inches  (or  double  the  length  of  the  crank) 
in  a  4  inch  bore.  Let  the  diameter  of  the  horfe 
walk  be.  18  feet,  and  the  perpendicular  height  to 
which  the  water  is  raifed  above  the  furface  of  the 
well  be  64  feet. 

If  the  horfes  go  at  the  rate  of  two  miles  an 
hour  (which  is  very  moderate  walking)  they  will 
turn  the  great  wheel  187  times  round  in  an  hour. 

In  each  turn  of  the  wheel  the  piftons  make  9 
ftrokes  in  the  pumps,  which  amount  to  1683  in  an 
hour. 

Each  ftroke  raifes  a  column  of  water  18  inches 
long,  and  4  inches  thick,  in  the  pu mp- barrel s ; 
which  column,  upon  the  defeent  of  the  pifton,  is 

forced 
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forced  into  the  main  pipe,  whofe  perpendicular  al¬ 
titude  above  the  furface  of  the  well  is  64  feet. 

Now,  fince  a  column  of  water  18  inches  long 
and  finches  thick,  contains  226,18  cubic  inches, 
this  number  multiplied  by  1683  (the  ftrokes  in  an 
hour)  gives  380661  for  the  number  of  cubic  inches 
of  water  raifed  in  an  hour. 

A  gallon,  in  wine  meafure,  contains  231  cubic 
inches,  by  which  divide  380661,  and  it  quotes 
1468  in  round  numbers,  for  the  number  of  gallons 
raifed  in  an  hour*,  which,  divided  by  63,  gives 
26^  hogfheads.— — If  the  horfes  go  fafter,  the  quan¬ 
tity  raifed  will  be  fo  much  greater. 

In  this  calculation  it  is  fuppofed  that  no  water  is 
wafted  by  the  engine.  But  as  no  forcing  engine 
can  be  fuppofed  to  iofe  lefs  than  a  fifth  part  of  the 
calcujated  quantity  of  water,  between  the  piftons  and 
barrels,  and  by  the  opening  and  fhutting  of  the 
valves,  the  horfes  ought  to  walk  almoft  2~  miles 
fer  hour,  to  fetch  up  this  lofs. 

A  column  of  water  4  inches  thick,  and  64  feet: 
high,  weighs  349tV  pounds  averdupoife,  or  424-^- 
pounds  troy  *,  and  this  weight,  together  with  the 
fridlion  of  the  engine,  is  the  refiftance  that  muft 
be  overcome  by  the  ftrength  of  the  horfes. 

The  horfe-tackle  ftiould  be  fo  contrived,  that  the 
horfes  may  rather  pulh  on  than  drag  the  levers 
after  them.  For  if  they  draw,  in  going  round  the 
w^alk,  the  outfide  traces  will  rub  againft  their  fides 
and  hams  :  which  will  hinder  them  from  drawing 
at  right  angles  to  the  levers,  and  fo  make  them 
pull  at  a  difadvantage.  But  if  they  pufti  the  lever 

before 
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before  their  breafts,  inftead  of  dragging  it  behind 
them,  they  can  always  walk  at  right  angles  to  it. 

It  is  no  ways  material  what  the  diameter  of  the 
main  or  condudt  pipe  be  :  for  the  whole  refiftance 
of  the  water  therein,  againfb  the  horfes,  will  be  ac*., 
cording  to  the  height  to  which  it  is  raifed,  and  the 
diameter  of  that  part  of  the  pump  in  which  the 
pifton  works ;  as  we  have  already  obferved.  So 
that  by  the  fame  pump,  an  equal  quantity  of  water 
may  be  raifed  in  (and  confequently  made  to  run 
from)  a  pipe  of  a  foot  diameter,  with  the  fame  eafe 
as  in  a  pipe  of  five  or  fix  inches  :  or  rather  with 
more  eafe,  becaufe  its  velocity  in  a  large  pipe  will 
be  lefs  than  in  a  fmall  one ;  and  therefore  its  fridlion 
againft  the  fides  of  the  pipe  will  be  lefs  alfo. 

And,  the  force  required  to  raife  water  depends 
not  upon  the  length  of  the  pipe,  but  upon  the  per¬ 
pendicular  height  to  which  it  is  raifed  therein  above 
the  level  of  the  fpring.  So  that  the  fame  force,  Fig. 
which  would  raife  water  to  the  height  AB  m  the 
upright  pipe  Aiklmnop^Bj  will  raife  it  to  the  fame  , 
height  or  level  BIHm  the  oblique  pipe  AEFGH. 
For  the  preffure  of  the  water  at  the  end  A  of  the 
latter,  is  no  more  than  its  preffure  againft  the  end  A 
of  the  former. 

The  weight  or  preffure  of  water  at  the  lower  ' 
end  of  a  pipe,  is  always  as  the  fine  of  the  angle 
to  which  the  pipe  is  elevated  above  the  level  or  ho¬ 
rizon.  For,  although  the  water  in  the  upright 
pipe  AB  would  require  a  force  applied  immedi¬ 
ately  to  the  lower  end  A  equal  to  the  weight  of  all 
the  'water  ia  it  to  fupport  the  water,  and  a  little 

more 
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more  to  drive  it  up,  and  out  of  the  pipe  *,  yet,  if 
that  pipe  be  inclined  from  its  upright  pohtion  to  an 
angle  of  80  degrees  (as  in  A  80)  the  force  required 
to  fuppoit  or  to  raife  the  fame  cylinder  of  water 
will  then  be  as  much  lefs,  as  the  fine  80  h  is  lefs  than 
the  radius  AB  ‘^  or  as  the  fine  of  80  degrees  is  lefs 
than  the  fine  of  90.  And  fo,  decreafing  as  the 
line  of  the  angle  of  elevation  lefiens,  until  it  ar¬ 
rives  at  its  level  AC  or  place  of  reft,  where  the 
force  of  the  water  is  nothing  at  either  end  of  the 
pipe.  For,  although  the  abfolute  weight  of  the 
water  is  the  fame  in  all  pofitions,  yet  its  prefture 
at  the  lower  end  decreafes,  as  the  fine  of  the  angle 
of  elevation  decreafes  3  as  will  appear  plainly  by 
a  farther  confideration  of  the  figure. 

Let  two  pipes,  AB  and  BC^  of  equal  lengths 
and  t'ores,  communicate  with  one  anotheir  2C1  A 
and  let  the  pipe  AB  be  divided  into  100  equal 
’  '  parts,  as  the  fcale  S.  is  3  whofe  length  is  equal  to 
the  length  of  the  pipe. — -Upon  this  length,  as  a 
'radius,  defcribe  the  quadrant  BCD^  and  divide  it 
into  90  equal  parts  or  degrees. 

Let  the  pipe  AC  be  filled  with  water,  and  ele¬ 
vated  to  10  degrees  upon  the  quadrant  3  then,  part 
of  the  water  that  is  in  it  will  rife  in  the  pipe  AB^ 
and  if  it  be  kept  full  of  water,  it  will  raife  the 
water  in  the  pipe  AB  from  A  to  i  3  that  is,  to  a  level 
i  lo  with  the  mouth  of  the  pipe  at  10  :  and  the 
upright  line  a  10^  equal  to  Ai^  will  be  the  fine  of 
10  degrees  elevation  3  which,  being  meafured  upon 
the  Icale  6',  vvill  be  about  17.3  of  fuch  parts  as  the 
pipe  contains  100  in  length  :  and  therefore,  the  force 

or 
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or  prefiure  of  the  water  atyf,  in  the  pipe^f  10,  will 
be  to  the  force  or  preffure  at  A  in  the  pipe  AB^  as 
17.3  to  100. 

Let  the  fame  pipe  be  elevated  to  20  degrees  in 
the  quadrant,  and  if  it  be  kept  full  of  water,  part 
of  that  water  will  run  into  the  pipe  AB^  and  rife 
therein  to  the  height  Ak^  which  is  equal  to  the 
length  of  the  upright  .line  h  20,  or  to  the  fine  of 
20  degrees  elevation  ;  which,  being  meafured  upon 
the  fcale  6*,  will  be  34.2  of  fuch  parts  as  the  pipe 
contains  100  in  length.  And  therefore,  thepreflure 
of  the  water  at  A^  in  the  full  pipe  A  20,  will  be  to 
its  prelTure,  if  that  pipe  were  raifed  to  the  perpen¬ 
dicular  fituation  AB^  as  34.2  to  100. 

Elevate  the  pipe  to  the  pofition  A  30  on  the 
quadrant,  and  if  it  be  fupplied  with  water,  the 
water  will  rife  from  it,  into  the  pipey^5,  to  the  height 
Al^  or  to  the  fame  level  with  the  mouth  of  the 
pipe  at  30.  The  fine  of  this  elevation,  or  of  the  an¬ 
gle  of  30  degrees,  is  c  30*,  which  is  jufl  equal  to 
half  the  length  of  the  pipe,  or  to  50  of  fuch  parts 
of  the  fcale,  as  the  length  of  the  pipe  contains  lOo. 
Therefore,  the  prefiure  of  the  water  at  vf,  in  a  pipe 
elevated  30  degrees  above  the  horizontal  level,  will 
be  equal  to  one  half  of  what  it  would  be,  if  the 
fame  pipe  ftood  upright  in  the  fituation  AB, 

And  thus,  by  elevating  the  pipe  to  40,  50,  60, 

70,  and  80  degrees  on  the  quadrant,  the  fines  of 
thefe  elevations  will  be  d  40,  e  50,  /  60,  g  70, 
and  h  80  ;  which  will  be  equal  to  the  heights  Am^ 

An^  Ao^  Ap^  and  and  thefe  heights  meafured 
upon  the  fcale  ^  will  be  64.3,  76.6,  86,6,  93.9^ 

and 
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and  98.5  ;  which  exprefs  the  prefiure  at  A  in  all 
thefe  elevations,  confidering  the  preflure  in  the  up¬ 
right  pipe  AB  as  100. 

Becaufe  it  may  be  of  ufe  to  have  the  lengths  of 
all  the  fines  of  a  quadrant  from  o  degrees  to  90, 
we  fiiall  here  annex  a  table  fhewing  the  length  of 
f  the  fine  of  every  degree  in  fuch  parts  as  the  whole 
pipe  (equal  to  the  radius  of  the  quadrant)  contains 
1000.  Then  the  fines  will  be  integral  or  whole 
parts  in  length.  But  if  you  fuppofe  the  length  of 
the  pipe  to  be  divided  only  into  100  equal  parts, 
the  laft  figure  of  each  part  or  fine  muft:  be  cut  off 
as  a  decimal ;  and  then  thofe  which  remain  at  the 
left  hand  of  this  feparation  will  be  integral  or  whole 
parts. 


fcSine 

Parts') 

Sine 

Parts 

Sine 

Parts 

Sine 

Parts 

Sine 

Parts 

of 

of 

of 

of 

of 

D.  I 

17 

D.  19 

325 

D.37 

60a 

1^*55 

819 

D.73 

956 

2 

39 

zo 

342 

38 

6t6 

.56 

829 

74 

961 

3 

21 

358 

39 

629 

57 

839 

75 

966 

4 

70 

22 

375 

40 

643 

58 

848 

W 

970 

5 

87 

23 

391 

41 

656 

59 

857 

'77 

974 

6 

104 

24 

407 

42 

669 

60 

866 

78 

978 

7 

122 

25 

423 

43 

682 

6t 

875 

79 

98a 

8 

139 

26 

438 

44 

695 

62 

883 

80 

985 

9 

156 

27 

’454 

45 

707 

63 

891 

81 

988 

10, 

173 

28 

469 

46 

719 

64 

898 

82 

990 

11 

191 

29 

485 

47 

731 

65 

906 

83 

992 

12 

208 

30 

500 

48 

743 

66 

913 

84 

994 

13 

225 

31 

515 

49 

75S 

67 

920 

85 

996 

14 

242 

32 

53^ 

50 

766 

68 

927 

86 

997 

15 

259 

33 

I545 

51 

777 

69 

933 

87 

998 

16 

275 

34 

559 

52 

788 

70 

939 

88 

999 

17 

292 

35 

1 573 

53 

799 

71 

945 

89 

999 

18 

309 1 

361588! 

54 

809 

72 

951 

90 

1000 

Thus,  if  the  radius  of  the  quadrant  (fuppofed 
to  be  equal  to  the  length  of  the  pipe  AC)  be  di¬ 
vided 
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vided  into  looo  equal  parts,  and  the  elevation  be 
45  degrees,  the  fine  of  that  elevation  will  be  equal 
to  707  of  thefe  parts  :  but  if  the  radius  be  divided 
only  into  100  equal  parts,  the  fame  fine  will  be 
only  70.7  or  of  thefe  parts.  For,  as  1000 

is  to  707,  fo  is  100  to  70.7. 

As  it  is  of  the  greateft  importance  to  all  engine- 
makers,  to  know  what  quantity  and  weight  of  wa¬ 
ter  will  be  contained  in  an  upright  round  pipe  of  a 
given  diameter  and  height  \  fo  as  by  knowing  what 
weight  is  to  be  raifed,  they  may  proportion  their 
engines  to  that  force;  we  fhall  fubjoiri  tables  Ihew- 
ing  the  number  of  cubic  inches  of  water  contained 
in  an  upright  pipe  of  a  round  bore,  of  any  dia¬ 
meter  from  one  inch  to  fix  and  an  half;  and  of  any 
height  from  one  foot  to  two  hundred  :  together 
with  the  weight  of  the  faid  number  of  cubic  inches, 
both  in  troy  and  averdupoife  ounces.  The  number 
of  cubic  inches  divided  by  231  will  reduce  the 
water  to  gallons  in  wine  meafure,  and  divided  by 
282  will  reduce  it  to  the  meafure  of  ale  gallons. 
Alfo,  the  troy  ounces  divided  by  12  will  reduce 
the  weight  to  troy  pounds,  and  the  averdupoife 
ounces  divided  by  16  will  reduce  the  weight  to  aver¬ 
dupoife  pounds. 

And  here  1  rnuft  repeat  it  again,  that  the  weight 
or  prefifure  of  the  water,  adling  againil  the  power 
that  works  the  engine,  mufi:  always  be  efliimated 
according  to  the  perpendicular  height  to  which  it 
is  to  be  raifed,  v/ithout  any  regard  to  the  length  of 
the  condu6l  pipe  when  it  has  an  oblique  pofition; 
and  as  if  the  diameter  of  that  pipe  were  juft  equal 

to 
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to  the  diameter  of  that  part  of  the  pump  in  which 
the  pifton  works.  Thus,  by  the  following  tables, 
the  preflure  of  the  water,  againft  an  engine  whofe 
pump  is  of  a  4*-  inch  bore,  and  the  perpendicular 
height  of  the  water  in  the  condudl  pipe  is  80  feet, 
will  be  equal  to  8057.5  troy  ounces,  and  to  8848.2 
averdupoife  ounces  ;  wdiich  makes  671.4  troy 
pounds,  and  553  averdupoife. 
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One  mch  diameter. 
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1 

n 

Solidity 
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n 
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in  cubic 

in  troy 

dupoife 

nt 

rr 
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5" 
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37 

65' 
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I 
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436.95 

80 
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9S3.14 

90 
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90 
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1228.92 
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994.76 
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[200,424  I.  15 

2238. 1 8 
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Example.  Required  the  mimher  of  cubic  inches^ 
ard  the  weight  of  the  water ^  in  an  upright  pipe  278 
feet  higbj  and  1  \  inch  diameter  F 
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Uydrojlatical  tables. 

Here,  the  nearefl; 

Tingle  decimal  figure 
is  only  taken  into 
the  account  \  and  the 
whole  being  reduced 
by  divifion,  amounts 


troy,  and  to  213^  pounds  averdupoife. 
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Averd. 
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1865.16 

2048.20 

70 

2638.94 

1392.65 

1529.32 

70 

4123.34 

2176,02 

2389*57 

80 

3015*93 

1591.60 

1747.80 

80 

4712.39 

2486.88 

2730.94 

90 

3392.92 

1790.55 

1966.27 

90 

5301.44 

2797.74 

3072.30 

jloo 

3769.91 

1989.50 

2184.75 

100 

5890.49 

3108.60 

2413.67 

[aoo 

7539.82 

3979.00 

4369.50 

200 

11780.98 

6217.20 

4827.34 

Thefe  tables  were  firft  calculated  to  'fix  decimal 
places  for  the  fake  of  exadlnefs ;  but  in  tranfcribing 
them,  there  are  no  more  than  two  decimal  figures 
taken  into  the  account,  and  fometimes  but  one  \ 
becaufe  there  is  no  neceffity  for  computing  to  hun- 

L  dreth 
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3  Inches  diameter. 

3f  Inches  diameter. 

n> 

Solidity 

Weight 

In  aver-j 

nr, 

rt 

Solidity  [Weight 

In  aver- 

rD 

in  cubic 

in  troy 

dupoife 

a 

in  cubic 

in  troy 

dupoile 

tr* 

OP 

inches. 

ounces. 

ounces. 

tr- 

Crp 

• 

inches. 

ounces. 

ounces. 

I 

84.8 

'  44-76 

49.16 

1 

1 1 5.4 

60.9 

66.9 

2 

1 69.6 

*^9-53 

98.31 

2 

230.9 

121.8 

I  33.8 

3 

254.5 

134.29 

M7-47 

3 

346.4 

1 82.8 

200.7 

4 

239-3 

179.05 

196.6^ 

4 

461 .8 

243-7 

267.6 

5 

424.1 

223.82 

245.78 

5 

577-3 

304.6 

334-5 

6 

508,9 

00 

00 

'O 

H. — 

294.94 

6 

692.7 

365.6 

401.4 

7 

593v 

313-35 

344.10 

7 

808.2 

426.5 

468.3 

8 

69  S.  6 

358.1 1 

393-25 

8 

923.6 

487.4 

535-3 

9 

763-4 

402.87 

442.41 

c 

'  1039.1 

548-3 

602.2 

IC 

848.2 

447.64 

491-57 

10 

'  IIS4-5 

609.2 

669.1 

20 

1696.5 

895.28 

983.14 

*20 

2309.1 

1218.6 

1338.2 

2544.7 

1342.92 

1474.70 

3463-6 

1827.8 

2007.2 

40 

3392.9 

1790.55 

1966.27 

4c 

461 8.1 

2437-1 

2676.3 

50 

4241. 1 

2238.19 

2457.84 

50 

5772-7 

3046.4 

3345-4 

60 

5089.4 

2685.83 

2949.41 

60 

6927.2 

3655-7 

4014.5 

70 

5937-6 

313347 

3440.98 

70 

8081.7 

4265.0 

4683.5 

80 

6785.8 

3581. II 

3932.55 

80 

9236.3 

4874.3 

5352.6 

90 

7634-' 

4028.75 

4424.12 

90 

10390.8 

5483  6 

6021.7 

100 

8482  3 

44'6-39 

4915.68 

100 

11545.4 

6092..  8 

6690.8 

200 

16964.6I8952.78 

9821.36 

200 

23090.7 

12185.7 

13381.5 

dreth  parts  of  an  inch  or  of  an  ounce  in  pradice* 
And  as  they  never  appeared  in  print  before,  it  may 
i)ot  be  amifs  to  give  the  reader  an  account  of  the 
principles  upon  which  they  were  conftru6led. 

The  folidity  of  cylinders  are  found  by  multiply¬ 
ing  the  areas  of  their  bafes  by  their  altitudes.  And 
ARCHIMEDES  gives  the  following  propor¬ 
tion 
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4  Inches  diameter. 

4I  Inches  diameter. 

0 

Solidity 

Weig;ht 

In  aver- 

rt) 

Solidity 

Weight 

In  aver- 
dupoife 

rt) 

r-f 

in  cubic 

in  troy 

diipoife 

ro 

rt 

in  cubicun  troy 

o^‘ 

p- 

inches. 

ounces. 

ounces. 

sr 

ctq’ 

p- 

inches. 

ounces. 

ounces. 

1 

150.8 

79.6 

87.4 

I 

ICO.8 

100.7 

1 10.6 

2 

301.6 

159.2 

i74.8j 

2 

381.7 

2CI.4 

221.2 

3 

452.4 

238.7 

262.2 

3 

572.6 

302.2 

351-8 

1  4 

603.2 

318-3 

349.61 

4 

763.4 

402.9 

442  4 

5 

753-9 

497-9 

436-9' 

5 

954-3 

503.6 

553.0 

6 

904.8 

477.5 

524  3 

6 

1145. 1 

604.3 

663.6 

7' 

ios5.6 

5s7.i 

611.7 

7 

1337.9 

705  0 

774.2 

8 

1 205.4 

636.6 

699. 1 

8 

1 526.8 

805.7 

884.8 

9 

•357-2 

7 16.2 

786.1; 

9 

17.7.7 

006. 5 

995  4 

10 

1508.0 

795-8 

8;3-9 

10 

1908.5 

1007.2 

1 106.0 

2C 

3115-9 

1591.6 

1747-8 

20 

381 7.0 
5725,6 

2014.4 

2212  I 

30 

4523-9 

2387.4 

262 1.7 

30 

3021 .6 

3818  1 

40 

6031.9 

3183.2 

3495-6 

40 

7634-1 

4028. •- 

4424. 1 

50 

7?39-8 

3997.0 

43695 

50 

9542.6 

5035-9 

5530.1 

60 

9047.8 

4774.8 

5243-3 

60 

1145  ^ 

6043.1 

6636.2 

70 

10555.8 

5570.e 

6117.3 

70 

13359-6 

7050.3 

7742.2 

80 

12063^ 

6366.4 

6091 .2 

80 

1 5268.2 

804-7.5 

8848.2 

90 

13571.7 

7 162.2 

7865.1 

90 

1 7 1 76.7 

9064.7 

9954-3 

ICO 

15079.7 

7958. c 

87390 

I  oc 

19085.2 

10071.9 

1 1060.3 

20c 

30!59-3 

15916.0 

17478  of 

200 

38170.4 

20143.8122120,6 

tion  for  finding  the  area  of  a  circle,  and  the  folidity 
of  a  cylinder  raifed  upon  that  circle. 

As  I  is  to  0.785339,  fo  is  the  fquare  of  the  dia¬ 
meter  to  the  area  of  the  circle.  And,  as  i  is  to 
0.785339,  fo  is  the  fquare  of  the  diameter  multi- 
plyed  by  the  height  to  the  folidity  of  the  cylinder. 
By  this  analogy  the  folid  inches  and  parts  of  an 

La  '  '  inch 
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5  Inches  diameter. 

5I  Inches  diameter. 

(T) 

Solidity 

Weight 

In  aver- 

Solidity 

Weight' 

In  aver- 

m 

in  cubic 

in  troy 

dupoile 

a 

in  cubic 

in  troy 

dupoife 

tr' 

CTQ 

ST* 

« 

inches. 

ounces. 

ounces. 

. 

tr 

crq‘ 

tr 

« 

inches. 

ounces. 

ounces. 

1 

235.6 

124.3 

- 

136.5 

I 

285.1 

150.4 

164.3 

2 

,  47i.2 

248.7 

273.1 

2 

570.2 

300.9 

328.5 

3 

706.8 

373-0 

409.6 

3 

855.2 

451.4 

492.8 

4 

492.5 

497*4 

546.2 

4 

1 140.4 

60 !  .8 

657.1 

5 

1 178.1 

62 1 .8 

682.7 

5 

1425.5 

752-3 

821.3 

6 

14137 

746.1 

819.3 

6 

1710.6 

902.7 

985.6 

7 

1649.3 

870.4 

955.8 

7 

1995-7 

1053.2 

1 149.9 

8 

1884.9 

994-7 

1092.4 

8 

2280.8 

1 203.6 

T314.1 

9 

2120.6 

1 1 19.1 

1228.9 

9 

2565-9 

J354-I 

1478.4 

10 

2356.2 

1243.4 

*365-5 

10 

285 1 .0 

1 504.6 

1642.7 

20 

4712.4 

2486.9 

2730.9 

20 

5702.0 

3009.1 

3285-4 

30 

7068.6 

3730-3 

4096,4 

30 

8553.0 

45'3-7 

4928.1 

40 

2424.8 

4973.8 

5461.9 

40 

1 1404.C 

6o{  8.2 

6570.8 

50 

1 1781.0 

6217.2 

6827.3 

50 

14255.0 

7522.9 

821 3. c 

60 

14137.2 

7460.6 

8192,8 

60 

17106.0 

9027.4 

9856.2 

70 

16493.4 

8704. 1 

9558-3 

70 

19957.0 

10531.9 

I  I4q8.q 

8c 

1 8849.6 

9947-5 

10923.7 

80 

22808.0 

1 2036.5 

13141.6 

90 

21205.8 

1 1 190.9 

12289.2 

90 

25659.0 

13541.1 

14784.3 

100 

23561.9 

12434.4 

13654.7 

100 

285 10. 0 

15045.6 

16426.9 

'200 

47123.9 

24868.8 

27309.3 

'200 

57020.0 

30091.2 

I32853.8 

inch  in  the  tables,  are  calculated  to  a  cylinder  200 
feet  high,  of  any  diameter  from  i  inch  to  6^ 
inches  ^  and  may  be  continued  at  pleafure. 

The  weight  And  as  to  the  weight  of  a  cubic  foot  of  running 
water,  it  has  been  often  found  upon  trial,  by  Dr. 
Wyherd  and  others,  to  be  76  pounds  troy,  which 
is  equal  to.  62.5  pounds  averdupoife.  Therefore, 

fince 


Hydrojiatical  tables. 


H9  . 


6  Inches  diameter. 

6j;  Inches  diameter. 

a 

Solidity 

Weight 

In  aver- 

A^olidity 

Weight 

In  aver- 

CD 

rr 

in  cubic 

in  troy 

dupoife 

CO 

in  cubic 

in  troy 

dupoife 

!=r 

M  • 

Crq 

9 

inches. 

ounces. 

ounces. 

cr 
^  • 

Cfc? 

• 

inches. 

ounces. 

ounces. 

I 

339-3 

179.0 

196.6 

I 

398.2 

2 10. 1 

230.7 

2 

678.6 

35^-* 

393-3 

2 

797-4 

420.3 

461.4 

3 

1017. 9 

537-2 

589.9 

3 

1 195.6 

630.4 

692.1 

4 

1357-2 

7 16.2 

786.5 

4 

1593.8 

840.6 

922.8 

5 

1696.^ 

895-3 

983. j 

5 

1991. 9 

1050.8 

1153.6 

6 

2035.7 

1074.3 

1 179.8 

6 

2390.1 

2788.3 

1260.9 

1384,3. 

7 

2375.0 

1253.4 

1376.4 

7 

1471. I 

1615.0 

8 

2714.3 

1432.4 

*573-0 

8 

3186.5 

1681.2 

1845.7 

9 

3053.6 

161 1.5 

1 769.6 

9 

35«4-7 

1891.3 

2076.4 

10 

3392-9 

1 790.6 

1966.3 

10 

3982.9 

2101.5 

2307.1 

2C 

6785.8 

3581.1 

3932.5 

20 

7965.8 

4202.9 

4614.3 

30 

ID178.8 

5371-7 

5898.8 

30 

I  1948.8 

6304.4 

6921.4 

40 

13571-7 

7162,2 

7865.1 

40 

15931.7 

8405.9 

9228.6 

50 

16964.6 

8952.8 

9831.4 

50 

19914.6 

10507,4 

**535-7 

60 

20357.5 

10743-3 

1 1797.6 

60 

23897.6 

12608.9 

13842.9 

70 

23750.5 

*2533-9 

>3763-9 

70 

27880.5 

1 47 1 0.4 

16150.0 

80 

27143.4 

14324.4 

15730.2 

8q 

31863.4 

1681 1.8 

18457.2 

90 

30536.3 

161 15.0 

17696.5 

90 

35846.3 

18913.3 

20764,3 

1  00 

33929.2 

17905.6 

19662.7 

1 00 

39829.3 

21014.8 

23071.5 

200 

67858.4 

35811.2 

39325-4 

200 

79658.6 

42029.6 

46143.0 

fince  there  are  1728  cubic  inches  in  a  cubic  foot^' 
a  troy  ounce  of  water  contains  1,8949  cubic  inch  j 
and  an  averdupoife  ounce  of  water  1,72556  cubic 
inch.  Confequently,  if  the  number  of  cubic  inches 
contained  in  any  given  cylinder,  be  divided  by 
1.8949,  it  will  give  the  weight  in  troy  ounces; 
and  divided  by  1.72556,  will  give  the  weight  in 

L  3  averdupoife 
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averdupoife  ounces.  By  this  method,  the  weights 
fhewn  in  the  tables  were  calculated  ,  and  are  near 
enough  for  any  common  pradice. 

I'he  fire-engine  comes  next  in  order  to  be  ex¬ 
plained  :  but  as  it  would  be  difficult,  even  by  the 
bell  plates,  to  give  a  particular  defcription  of  its  fe- 
veral  parts,  fo  as  to  make  the  whole  intelligible, 
I  ihall  only  explain  the  principles  upon  which  it 
is  conftruded. 

1.  Whatever  weight  of  water  is  to  be  raifed, 
the  pump- rod  muft  be  loaded  with  weights  fuf- 
ficient  for  that  purpofe,  if  it  be  done  by  a  forcing- 
pump,  as  is  generally  the  cafe :  and  the  power  of 
the  engine  muft  be  fufficient  for  the  weight  of  the 
rod,  in  order  to  bring  it  up. 

2.  It  is  known,  that  the  atmofphere  prefles 
upon  the  farface  of  the  earth  with  a  force  equal  to 
1 5  pounds  upon  every  fquare  inch. 

3.  When  water  is  heated  to  a  certain  degree,  the 
particles  thereof  repel  one  another,  and  conftitute 
an  elaftic  fluid,  which  is  generally  called  fleam  or 
vapour. 

4.,  Hot  fleam  is  very  elaflic ;  and  when  it  is 
cooled  by  any  means,  particularly  by  its  being 
mixed  with  cold  water,  its  elafticity  is  deftroyed 
immediately,  and  it  is  reduced  to  water  again. 

5.  If  a  vefTel  be  filled  with  hot  fleam,  and  then 
clofed  fo,  as  to  keep  out  the  external  air,  and  all 
other  fluids ;  when  that  fleam  is  by  any  means  con- 
dcnfed,  cooled,  or  reduced  to  water,  that  water 
will  tall  to  the  bottom  of  the  vefTel  ^  and  the  ca¬ 
vity  of  the  veflei  will  be  almoft  a  perfedt  vacuum. 

6.  Whenever 
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6.  Whenever  a  vacuum  is  made  in  any  vefTel, 
the  air  by  its  weight  will  endeavour  to  rulh  into  the 
veflelj  or  to  drive  in  any  other  body  that  will  give 
way  to  its  prefTure ,  as  may  be  eafily  feen  by  a 
common  lyringe.  For,  if  you  ftop  the  bottom  of 
a  fyringe,  and  then  draw,  up  the  pifton,  if  it  be  fo 
tight  as  to  drive  out  all  the  air  before  it,  and  leave 
a  vacuum  within  the  fyringe,  the  pifton  being  let 
go,  will  be  drove  down  with  a  great  force. 

7.  The  force  with  which  the  pifton  is  drove 
down,  when  there  is  a  vacuum  under  it,  will  be 
as  the  fquare  of  the  diameter  of  the  bore  in  the  fy-’ 
ringe.  That  is  to  fay,  it  will  be  driven  down  with 
four  times  as  much  force  in  a  fyringe  of  a  two  inch 
bore,  as  in  a  fyringe  of  one  inch :  for  the  areas  of 
circles  are  always  as  the  fquares  of  their  diameters. 

8.  The  prefture  of  the  atmofphere  being  equal 
to  15  pounds  upon  every  fquare  inch,  it  will  be 
equal  to  about  12  pounds  upon  every  circular 
inch.  So  that  if  the  bore  of  the  fyringe  be  rounds 
and  one  inch  in  diameter,  the  pifton  will  be  preft 
down  into  it  by  a  force  nearly  equal  to  12  pounds  : 
but  if  the  bore  be  2  inches  diameter,  the  pifton 
will  be  preft  down  with  4  times  that  force. 

And  hence  it  is  eafy  to  find. with  what  force  the 
atmofphere  preftes  upon  any  given  number  either  of 
fquare  or  circular  inches. 

Thefe  being  the  principles  upon  which  this  en¬ 
gine  is  conftrudted,  we  ftiall  next  defcribe  the  chief 
working  parts  of  it :  which  are,  i.  A  boiler.  2.  A 
cylinder  and  pifton.  3.  Abeam  or  lever. 

L  4 
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The  toiler  is  a  large  veflel,  generally  made  oF  j.j 
iron  or  copper  ;  and  commonly  fo  big,  as  to  contain  13 
about  2000  gallons.  : 

The  cylinder  is  made  about  40  inches  diameter,  j 
bored  fo  fmooth,  and  its  pifton  fitting  fo  clofe,  that  ; 
little  or  no  water  can  get  between  the  pifton  and  1 
fides  of  the  cylinder.  j 

Things  being  thus  prepared,  the  cylinder  is  ♦ 
placed  upright,  and  the  fhank  of  the  pifton  is  fixed  j 
to  one  end  of  the  team^  which  turns  on  a  center  j 
like  a  common  balance. 

The  boiler  is  placed  under  the  cylinder,  with  a 
communication  between  them,  which  can  be  opened 
and  fhut  occafionally. 

The  boiler  is  filled  about  half  full  of  water,  and 
a  ftrong  fire  is  made  under  it :  then,  if  the  com¬ 
munication  between  the  boiler  and  the  cylinder  be 
opened,  the  cylinder  will  be  filled  with  hot  fteam  \ 
which  would  drive  the  pifton  quite  out  at  the  top 
of  it.  But  there  is  a  contrivance  by  which  the 
pifton,  when  it  is  near  the  top  of  the  cylinder, 
Ihuts  the  communication  at  the  top  of  the  boiler 
wdthin. 

This  is  no  fooner  ftiut,  than  another  is  opened, 
by  which  a  little  cold  water  is  thrown  upwards  in 
a  jet  into  the  cylinder,  which  mixing  with  the  hot 
fteam,  condenfes  it  immediately  ;  by  which  means 
a  vacuum  is  made  in  the  cylinder,  and  the  pifton 
is  preffed  down  by  the  weight  of  the  atmofphere  % 
and  fo  lifts  up  the  loaded  pump- rod  at  the  other 
end  of  the  beam. 


If 
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If  the  cylinder  be  42  inches  in  diameter,  the 
piflion  will  be  preiTed  down  with  a  force  greater 
than  20000  pounds,  and  will  confequently  lift  up 
that  weight  at  the  oppofite  end  of  the  beam  :  and 
as  the  pump-rod  with  its  plunger  is  fixed  to  that 
end,  if  the  bore  where  the  plunger  works  were  10 
inches  diameter,  the  water  would  be  forced  up 
through  a  pipe  of  180  yards  perpendicular  height. 

But,  as  the  parts  of  this  engine  have  a  good 
deal  of  fridfion,  and  mull  work  with  a  confiderable 
velocity,  and  there  is  no  fuch  thing  as  making  a 
perfedt  vacuum  in  the  cylinder,  it  is  found  that  no 
more  than  8  pounds  of  prefTure  muft  be  allowed 
for,  on  every  circular  inch  of  the  pifton  in  the  cy¬ 
linder,  that  it  may  make  about  16  flrokes  in  a  mi¬ 
nute,  about  6  feet  each. 

Where  the  boiler  is  very  large,  the  piflon  wilt 
make  betv/een  20  and  25  ftrokes  in  a  minute,  and 
each  ftroke  7  or  8  feet  *,  which,  in  a  pump  of  9 
inches  bore,  will  raife  upwards  of  300  hogfheads 
of  water  in  an  hour. 

It  is  found  by  experience  that  a  cylinder,  40  inches 
diameter,  will  work  a  pump  10  inches  diameter, 
and  100  yards  long :  and  hence  we  can  find  the  dia¬ 
meter  and  length  of  a  pump,  that  can  be  worked 
by  any  other  cylinder. 

For  the  conveniency  of  thofe  who  would  make 
ufe  of  this  engine  for  raiding  water,  we  fliall  fub- 
join  part  of  a  table  calculated  by  Mr.  Beighton^ 
fhewing  how  any  given  quantity  of  water  may  be 
raided  in  an  hour,  from  48  to  440  hogfheads  ;  at 
any  given  depth,  from  15  to  100  yards  j  the  ma¬ 
chine 
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chine  working  at  the  rate  of  i6  ftrokes  per  mi¬ 
nute,  and  each  ftroke  being  6  feet  long. 

‘  One  example  of  the  ufe  of  this  table,  will  make 
the  whole  plain.  Suppofe  it  were  required  to  draw 
150  hogllieads  per  hour,  at  90  yards  depth  ^  in  the 
fecond  column  from  the  right  hand,  I  find  the 
nearefi:  number,  viz.  149  hogfheads  40  gallons, 
againft  which,  on  the  right  hand,  I  find  the  dia¬ 
meter  of  the  bore  of  the  pump  mull  be  7  inches  ; 
and  in  the  fame  collateral  line,  under  the  given 
depth  90,  I  find  27  inches,  the  diameter  of  th-c 
cylinder  fit  for  that  purpofe.^ — -And  fo  for  any 
other. 


A  Table 


Plate  Am. 
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A  Table  fliewing  the  power  of  the  engine  for  raifing  water  by  fire. 


Hydraulic  table. 


This  table  is  calculated  to  the  meafure  of  ale  gallons, 
at  282  cubic  inches  per  gallon. 

1 

Diam.  of 
pump. 

Inches. 
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Plate  xiTL-  Water  may  be  raifed  by  means  of  a  ftream  AB 
curning  a  wheel  CDE^  according  to  the  order  of 
the  letters,  with  buckets  ^2,  &c.  hung  upon 

it  by  ftrong  pins  &c.  fixed  in  the  fide  of 

the  rim  :  but  the  wheel  mufl  be  made  as  high  as- 
the  v/ater  is  intended  to  be  raifed  above  the  level  of 
that  part  ot  the  ftream  in  which  the  wheel  is  placed. 
As  the  wheel  turns,  the  buckets  on  the  right  hand 
go  down  into  the  water,  and  are  thereby  filled,  and 
go  up  full  on  the  left  hand,  until  they  come  to  the 
top  at  ;  where  they  flrike  againft  the  end  n  of 
the  fixed  trough  and  are  thereby  overfet,  and 
empty  the  water  into  the  trough  •,  from  which  it 
may  be  conveyed  in  pipes  to  the  place  which  it  is 
defigned  for  :  and  as  each  backet  gets  over  the 
trough,  it  falls  into  a  perpendicular  pof  tion  again, 
and  goes  down  empty,  until  it  comes  to  the  water 
at  A\  where  it  is  filed  as  before.  On  each  bucket 
is  a  piece  r,  which  going  over  the  top  or  crown 
of  the  bar  m  (fixed  to  the  trough  M)  raifes  the 
bottom  of  the  bucket  above  the  level  of '  its  mouth, 
and  fo  caufes  it  to  empty  all  its  water  into  the 
trough. 

Sometimes  this  wheel  is  made  to  raife  water  no 
higher  than  its  axis ;  and  then,  inflead  of  buckets 
hung  upon  it,  its  fpokes  are  made 

of  a  bent  form,  and  hollow  within  ♦,  thefe  hollows 
opening  into  the  holes  C,  F,  in  the  outfde  of 
'  '  the  wheel,  and  alfo  into  thofc  at  O  in  the  box  N 

upon  the  kxis.  So  that,  as  the  holes  CF),  &c.  dip 
into  the  water,  it  runs  into  them  j  and  as  the  wheel 
turns,  the  water  rifea  in  the  hollow  fpokes  &c. 

and 
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and  runs  out  in  a  ftream  P  from  the  holes  at  0, 
and  fails  into  the  trough  from  whence  it  is 
conveyed  by  pipes.  And  this  is  a  very  eafy  way 
of  railing  water,  becaufe  the  engine  requires  nei¬ 
ther  men  nor  horfes  to  turn  it. 

The  art  of  weighing  different  bodies  in  v/ater,  of  the  fpe 
and  thereby  finding  their  fpecific  gravities,  or  weights, 
bulk  for  bulk,  was  invented  by  ARCHIMEDES;  dies, 
of  which,  we  have  the  following  account. 

Hiero^  king  of  Syracufe^  having  employed  a  gold- 
fmith  to  make  a  crown,  and  given  him  a  mafs  of 
pure  gold  for  that  purpofe,  fufpeded  that  the  work¬ 
man  had  kept  back  part  of  the  gold  for  his  own 
ufe,  and  made  up  the  weight  by  allaying  the  crown 
with  copper.  But  the  king  not  knowing  how  to 
find  out  the  truth  of  that  matter,  referred  it  to  Ar^ 
chimedes  \  who  having  ftudied  a  long  time  in  vain, 
found  it  out  at  laft  by  chance.  For,  going  into  a 
bathing  tub  of  water,  and  obferving  that  he  thereby 
raifed  the  water  higher  in  the  tub  than  it  was  be¬ 
fore,  he  concluded  inflantly  that  he  had  raifed  it 
juft  as  high  as  any  thing  elfe  could  have  done,  that 
was  exadiy  of  his  bulk  :  and  confidering  that  any 
other  body  of  equal  weight,  and  of  lefs  bulk  than 
himfelf,  could  not  have  raifed  the  water  fo  high  as 
he  did;  he  immediately  told  the  king,  that  he  had 
found  a  method  by  which  he  could  difeover  whether 
there  were  any  cheat  in  the  crown.  For,  fince 
gold  is  the  heavieft  of  all  known  metals,  it  muft^ 
be  of  lefs  bulk,  according  to  its  weight,  than  any 
other  metal.  And  therefore,  he  defired  that  a 
mafs  of  pure  gold,  equally  heavy  with  the  crown 

when 
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when  weighed  in  air,  fhould  be  weighed  again  ft  it 
in  water  •,  and  if  the  crown  was  not  allayed,  it 
would  counterpoife  the  mafs  of  gold  when  they 
were  both  immerfed  in  water,  as  well  as  it  did 
when  they  were  weighed  in  air.  But  upon  making 
the  trial,  he  found  that  the  mafs  of  gold  weighed 
much  heavier  in  water  than  die  crown  did.  And 
not  only  fo,  but  that,  when  the  mafs  and  crown 
were  immerfed  feparately  in  one  veficl  of  water, 
the  crown  raifed  the  water  much  higher  than  the 
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mafs  did  ;  which  ftiewed  it  to  be  allayed  with  fome 
lighter  metal  that  increafed  its  bulk.  And  fo,  by 
making  trials  with  different  metals,  all  equally 
heavy  with  the  crov/n  when  weighed  in  air,  he 
found  out  the  quantity  of  allay  in  the  crown. 

The  fpecific  gravities  of  bodies  are  as  their 
weights,  bulk  for  bulk  ;  thus,  a  body  is  faid  to 
have  two  or  three  times  the  fpecific  gravity  of 
another,  when  it  contains  two  or  three  times  as 
much  matter  in  the  fame  fpace. 

A  body  immerfed  in  a  fluid  will  fink  to  the  bot¬ 
tom,  if  it  be  heavier  than  its  bulk  of  the  fluid.  , 
If  it  be  fufpended  therein,  it  will  lofe  as  much  of 
what  it  weighed  in  air,  as  its  bulk  of  the  fluid 
weighs.  Hence,  all  bodies  of  equal  bulk,  which 
would  fink  in  fluids,  lofe  equal  weights  when  fuf¬ 
pended  therein.  And  unequal  bodies  lofe  in  pro¬ 
portion  to  their  bulks. 

The  hydroftatic  balance  differs  very  little  from  a 
common  balance  that  is  nicely  made :  only  it  has 
a  hock  at  the  bottom  of  each  fcale,  on  which  fmall 
weights  may  be  hung  by  horfe-hairs,  or  by  filk 

threads.  ’ 
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threads.  So  that  a  body,  fufpended  by  the  hair  or 
thread,  may  be  immerfed  in  water  without  wetting 
the  fcale  from  which  it  hangs. 

If  the  body  thus  fufpended  under  the  fcale,  atHowtofind 
one  end  of  the  balance,  be  firft  counterpoifed  ingra^Fty^of 
air  by  weights  in  the  oppofite  fcale,  and  then 
merfed  in  water,  the  equilibrium  will  be  imme¬ 
diately  deftroyed.  Then,  if  as  much  weight  be 
put  into  the  fcale  from  which  the  body  hangs,  as 
will  reftore  the  equilibrium  (without  altering  the 
weights  in  the  oppofite  fcale)  that  weight  which 
refbores  the  equilibrium,  will  be  equal  to  the  weight 
of  a  quantity  of  water  as  big  as  the  immerfed 
body.  And  if  the  weight  of  the  body  in  air  be 
divided  by  what  it  lofes  in  water,  the  quotient  will 
fhew  how  much  that  body  is  heavier  than  its  bulk 
of  water.  Thus,  if  a  guinea  fufpended  in  air, 
be  counterbalanced  by  129  grains  in  the  oppofite 
fcale  of  the  balance ;  and  then,  upon  its  being  im¬ 
merfed  in  water,  it  becomes  fo  much  lighter,  as  to 
require  7^  grains  put  into  the  fcale  over  it,  to  re- 
ftore  the  equilibrium,  it  fhews  that  a  quantity  of 
water,  of  equal  bulk  with  the  guinea,  weighs  7^ 
grains,  or  7.25  ^  by  which  divide  129,  (the  aerial 
weight  of  the  guinea)  and  the  quotient  will  be 
17.793  ;  which  fiiews  that  the  guinea  is  17.793 
times  heavier  than  its  bulk  of  water.  And  thus, 
any  piece  of  gold  may  be  tried,  by  weighing  it  firft 
in  air  and  then  in  water ;  and  if  upon  dividing  the 
weight  in  air  by  the  lofs  in  water,  the  quotient 
comes  out  to  be  17.793,  the  gold  is  good;  if 
the  quotient  be  iS,  or  between  18  and  19,  the 

gold 
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goM  IS  very  fine ;  but  if  it  be  lefs  than  1 7^,  th^ 
gold  is  too  much  allayed,  by  being  mixed  with 
fome  other  metal. 

If  filver  be  tried  in  this  manner,  and  found  to 
be  II  times  heavier  than  water, -it  is  very  fine  ;  if 
it  be  lo^  times  heavier,  it  is  flandard  \  but  if  it 
be  of  any  lefs  weight  compared  with  water,  it  if 
mixed  with  fome  lighter  metal,  fuch  as  tin. 

By  this  method,  the  fpecific  gravities  of  all  bo* 
dies  that  will  fink  in  water,  may  be  found.  But 
as  to  thofe  which  are  lighter  than  water,  as  moft 
forts  of  wood  are ;  the  following  method  may  be 
taken,  to  fhew  how  much  lighter  they  are  than 
their  refped:ive  bulks  of  water. 

Let  an  upright  ftud  be  fixed  into  a  thick  flat 
piece  of  brafs,  and  in  this  ftud  let  a  fmall  lever, 
whofe  arms  are  equally  long,  turn  upon  a  fine  pin 
as^an  axis.  Let  the  thread  which  hangs  from  the 
fcale  of  the  balance  be  tied  to  one  end  of  the  lever, 
and  a  thread  from  the  body  to  be  weighed,  tied  to 
the  other  end.  This  done,  put  the  brafs  and  lever 
into  a  vefiel  •,  then  pour  water  into  the  veflel,  and 
the  body  will  rife  and  float  upon  it,  and  draw  down 
the  end  of  the  balance  from  which  it  hangs  :  then, 
put  as  much  weight  in  the  oppofite  fcale  as  will  raife 
that  end  of  the  balance,  fo  as  to  pull  the  body 
down  into  the  water  by  means  of  the  lever ;  and 
this  weight  in  the  fcale  will  fhew  how  much  the 
body  is  lighter  than  its  bulk  of  water. 

There  are  fome  things  which  cannot  be  weighed  in 
this  manner,  fuch  as  quickfilver,  fragments  of 
diamonds,  &c.  becaufe  they  cannot  be  fufpended 
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in  threads ;  and  muft  therefore  be  put  into  a  glafs 
bucket,  hanging  by  a  thread  from  the  hook  of  one 
fcale,  and  counterpoifed  by  weights  put  into  the 
oppofite  fcale.  Thus,  fuppofe  you' want  to  know 
the  fpecific  gravity  of  quickfilver,  with  refpedl:  to 
that  of  water ;  Jet  the  empty  bucket  be  firfl  coun¬ 
terpoifed  in  air,  and  then  the  quickfilver  put  into 
it  and  weighed.  Write  down  the  weight  of  the 
bucket,  and  alfo  of  the  quickfilver*,  which  done, 
empty  the  bucket,  and  let  it  be  immerfed  in  water 
as  it  hangs  by  the  thread,  and  counterpoifed  therein 
by  weights  in  the  oppofite  fcale  :  then,  pour  the 
quickfilver  into  the  bucket  in  the  water,  which 
will  caufe  it  to  preponderate ;  and,  put  as  much 
weio-ht  into  the  fcale  as  will  reftore  the  balance  to 

o 

an  equipoife ;  and  this  weight  wilF  be  the  weight 
of  a  quantity  of  water  equal  in  bulk  to  the  quick¬ 
filver.  Laftly,  divide  the  weight  of  the  quick¬ 
filver  in  air  by  the  weight  of  its  bulk  of  water, 
and  the  quotient  will  fhew  how  much  the  quick¬ 
filver  is  heavier  than  its  bulk  of  water. 

If  a  piece  of  brafs,  glafs,  lead,  or  filver,  be 
immerfed  and  fufpended  in  different  forts  of  fluids, 
its  different  Ioffes  of  weight  therein  will  fhew  how 
much  it  is  heavier  than  its  bulk  of  the  fluid  *,  that 
fluid  being  the  lighteft,  in  which  the  immerfed 
body  lofes  leaft  of  its  aerial  weight.  A  folid  bub¬ 
ble  of  glafs  is  generally  ufed  for  finding  the  fpe¬ 
cific  gravities  of  fluids. 

Hence  we  have  an  eafy  method  of  finding  the 
fpecific  gravities  both  of  folids  and  fluids,  with 
regard  to  their  refpedfive  bulks  of  common  pump 

M  water. 
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water,  which  is  generally  made  a  ftandard  for  com¬ 
paring  all  the  others  by. 

In  conftru6ling  tables  of  fpecific  gravities  with 
accuracy,  the  gravity  of  water  mu  ft  be  reprefen  ted 
by  unity  or  i.ooo,  where  three  cyphers  are  added, 
to  give  room  for  exprefling  the  ratios  of  other  gra¬ 
vities,  as  in  the  following  table. 

I 

A  Tabic  of  the  fpecific  gravities  of  feveral  folid 

and  fluid  bodies. 


A  cubic  inch  of 


V^ery  fine  gold 
Standard  gold 
^Guinea  gold 
Moidore  gold 
Quickfilver 
Lead  — 
Fine  filver  — 
Standard  filver 
Copper  — - 

Plate  brafs  — 
Steel  — 
Iron  -  ■ 


Block  tin  — —  - 

Lead  ore  —  . 

Glafs  of  antimony 
German  antimony 
Copj^r  ore  — 
Diamond  —  — 

Clear  glafs  —  •— 

Lapis  lazuli  —  — 
Welch  afl-yeftos  — 


1  roy  weight. 

■  DZ. 

pw. 

gr. 

10 

7 

3.83 

-  9 

19 

6,44 

'9 

7 

I7rl8 

9 

0 

19,84 

7 

7 

1 1,61 

5 

i9 

17*55 

5 

16 

23,23 

5 

1 1 

3.36 

4 

13 

7*04 

4 

4 

9,60 

4 

2 

20,12^ 

4 

0 

15,20 

3 

^7 

5,68 

3 

H 

12,86 

3 

1 1 

17,76 

2 

*5 

16,89 

2 

2 

4,80 

2 

I 

11,83 

I 

13 

20,88 

I 

*3 

S>5* 

I 

12 

5*27 

I 

10 

•7».77 

Averdup. 


3Z.  drams 


I 

10 

lO 

9 

8 

6 

6 

6 

5 

4 

4 

4 

4 

4 

3 

3 

2 

2 

I 

I 

I 

I 


5,8o 

14,90 

4.76 

H. 7‘ 

1,45 

9.08 

6,66 

L54 

1,89 

10,09 

8,70 

6.77 

3»79 

I, 42 

14.96 
0,89 
5,04 

4»43 

15,48 

13,16 

12,27 

10.97 


Compa¬ 

rative 

weight. 


I9>637 

18,888 

17*793 

17,140 
14,019 
11,325 
1 1,087 

io>535 

8,843 

8,000 

7,852 

7*645 

7,321 

7.065 

6,800 

5,28c 

4,00c 

3*775, 

3,400 

3,150 

3*054 


The 
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The  Table  concluded. 


A  cubic  inch  of 


White  marble  — 
Black  ditto  — 
Rock  cry-ftal  — ^ 
Green  glafs  — 
^ornelian  flone 
Flint  —  — 

Hard  paving  ftone 
Live  iulphur  — 
Nitre  —  — 

Alabafter - 

Dry  ivory  — 

Brim  ftone - 

Allum  —  — 

Ebony  —  — 

Human  blood  — 
Amber  — 

Cow’s  milk 
Sea  water  - — ■ 

ump  water 
Spring  water  — 
Diftilled  water 

^ed  wine - 

Oil  of  amber  — 
^roof  fpirits  — 
)ry  oak  —  — 

Olive  oil  - — 

^ure  fpirits  — 
Spirit  of  turpentine 
Oil  of  turpentine 
Dry  Crabtree  — 
SalTafras  wood  — 
Cork  —  - 


I’ioy  weight. 

Oz. 

pw. 

gr- 

I 

8 

13-41 

1 

8 

12,65 

1 

8 

1,00 

1 

7 

>;.3S 

1 

7 

1,21 

I 

6 

19,63 

I 

5 

22,87 

I 

I 

2,40 

I 

0 

1,08 

0 

19 

18,74 

0 

*9 

6,09 

0 

18 

23,76 

0 

17 

21,92 

0 

1 1 

18,82 

0 

1 1 

2,89 

0 

10 

20,79 

0 

10 

20,79; 

0 

10 

20,79 

0 

10 

13-30 

0 

10 

12,94* 

0 

10 

11,42 

0 

10 

I  1,42 

0 

10 

7,63 

0 

9 

*9-73 

0 

9 

1 8,00 

0 

9 

i5-*7 

0 

9 

3-27 

0 

9 

2,76 

0 

8 

8,53 

0 

8 

1,69 

0 

5 

2,04 

0 

2 

T2,7'. 

/iveraup. 
oz.  drams 


[C,ompa 

■rative 

weight. 


I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

I 

o 

o 

o 

o 

o 

o 

0 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 


9,06 

9,02 

8.61 

8.26 

7,73 

7G3 

6,77 

2,52 

LS9 

0,89 

0,66 

J5»72 
JO,  3  4 

9*7^^ 

9»54 

9G4 

9G4. 

9.26 

9>25 

9,20 

9.20 
9,06 

8.62 
8,56 

8,4? 

8,02. 

7,99 

7>33, 

7,08 

4,46 

2.21 


2,707 

2,704 

2.658 

2,620 

2,568 

2,542 

2,460 

2,000 

1,900 

•*,275 

1,825 
1,800 
1,714 
1,117 
1,054 
1,030 
1,030 
1,03  c 
1,000 

0,999' 

0,993. 

o>993 

0,978 

0,931 

0,925 

0,913 

0,866. 

0.864. 

0,772 

0,765 

0,482; 

0,240 


Take  away  the  comma  from  the  numbers  in  the 
•right  hand  column,  or  (which  is  the  fame)  multiply 
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them  by  looo,  and  they  will  (hew  how  many 
ounces  averdupoife  are  contained  in  a  cubic  foot  of 
each  body. 

In  troy  weight,  24  grains  make  a  pennyweight, 
20  pennyweight  make  an  ounce,  and  12  ounces 
a  pound.  In  averdupoife  weight,  16  drams  make 
an  ounce,  and  16  ounces  a  pound.  The  troy 
pound  contains  5760  grains,  and  the  averdupoife 
pound  7000 ;  and  hence,  the  averdupoife  dram 
weighs  27.34375  grains,  and  the  averdupoife  ounce 

437-5* 

Becaufe  it  is  often  of  ufe  to  know  how  much 
any  given  quantity  of  goods  in  troy  weight  do 
make  in  averdupoife  weight,  and  the  reverfe ;  we 
lliali  here  annex  two  tables  for  converting  thefe 
weights  into  one  another.  Thofe  from  page  144 
to  page  149  are  near  enough  for  common  hy¬ 
draulic  purpofes  *,  but  the  two  following  are  better 
where  accuracy  is  required  in  comparing  the  weights 
with  one  another  :  and  by  trial  I  find,  that  1 75 
troy  ounces  are  precifely  equal  to  192  averdupoife 
ounces,  and  175  troy  pounds  are  equal  to  144 
averdupoife.  And  although  there  are  feveral  lefier 
integral  numbers,  which  come  very  near  to  agree 
together,  yet  I  have  found  none  lefs  than  the  above 
to  agree  exa6lly.  Indeed  41  troy  ounces  are  fo 
nearly  equal  to  45  averdupoife  ounces,  that  the 
latter  contains  only  7y  grains  more  than  the  for¬ 
mer  :  and  45  troy  pounds  weigh  only  7^-  drams 
more  than  37  averdupoife. 


A  Tabic 


A  Table  for  reducing  troy  weight  into  averdupoife  weight. 


Troy  u'eight  reduced  info  averdupoife. 


Troy  weight. 

Averdupoilc. 

\ 

Troy 

weight. 

Aver. 

lb.  oz  drams. 

Drams. 

Pounds — 4000 

32qi  6  13.68 

Penny  wt.  19 

16.67 

300 

2528  9  2.26 

18 

‘;-79 

2000 

1643  ^*^4 

17 

14.92 

1000 

822  13  11.42 

16 

1  4.O4 

90c 

740  9  2.28 

^5 

13.16 

800 

658  4  9.14 

14 

I  2.2c 

700 

576  0  0.00 

13 

I  1. 41 

600 

493  II  6.85 

1 2 

lo.q.? 

500 

411  6  13.71 

1 1 

9.67 

400 

329  2  4.57 

10 

8.78 

3C0 

246  13  11.42 

9 

7.9c 

200 

164  9  2.28 

8 

7.02 

100 

82  4  9.15 

7 

6.14 

90 

74  0  13.62 

6 

5.27 

80 

65  13  4.11 

5 

4-39 

7c 

57  9  9-6o 

4 

3-5^ 

60 

49.  5  15.08 

3 

2.03 

50 

41  '2  4.57 

2 

1-75 

40 

32  14  10.05 

I 

0.88 

30 

24  10  15.54 

Grains.^ —  23 

.84 

-  20 

16  7  5.03 

22 

.8c 

10 

8  3  10.52 

21 

•77 

9 

7  6  7.86 

20 

•73 

S 

6  9  5.21 

19 

•691 

7 

5  12  2.56 

18 

.^6 

6 

4  H  *5-90 

17 

•62 

r 

4  I  13-25 

16 

■5« 

4 

3  4  10.60 

*5 

•5  y 

3 

2  7  7.95 

M 

.51 

2 

I  10  5.30 

13 

•47 

I 

0  13  2.65 

12 

?44 

Ounces —  1 1 

12  1.09 

1 1 

.40 

IC 

10  15.54 

IC 

.36 

9 

9  13-99 

9 

•33 

8 

8  12.43 

s, 

,29 

7 

7  10.88 

7 

.26 

6 

6  9.32 

6 

•  2  ^ 

5 

5  7-77 

5 

.18 

4 

4  6.22 

4 

3 

3  4-66 

3 

.11 

2 

2  3.1 1 

2 

.07 

. .  ■ 

I  1.55 

1 

.07* 

i66 
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A  Table  for  reducing  averdupoife  weight  into 
j  troy  weight. 

.  -  ir  .  I-  -  ■  ■  I 


^verdupoife 

Troy  weight. 

Averd. 

'i  roy  weight. 

weight. 

ib. 

02. 

pw. 

gr. 

weight. 

lb.  oz. 

pw. 

jPounds  6000 

7291 

8 

0 

0 

Ounces  1 5 

I  I 

13 

10.50 ! 

50006076 

4 

^3 

8 

M 

i  0 

IS 

5  ‘ 

;  4000, 

4861 

I 

6 

16 

*3 

1 1 

16 

.2  5.soj 

3000 

3(^45 

'  10 

0 

0 

12 

10 

18 

18  ; 

k  2000 

2430 

6 

13 

8 

1 1 

10 

0 

1 2.50^ 

‘  1000 

1215 

3 

6 

16 

id 

9 

2 

f  ' 

;  9C0 

1093 

9 

0 

0 

9 

8 

4 

r.50| 

^00 

972 

2 

13 

8 

8 

7 

5 

26 

700 

850 

8 

6 

16 

7 

6 

7 

14.50 

9 

1  600 

r 

729 

2 

0 

0 

6 

5 

9 

5C0 

607 

7 

J3 

8 

5 

4 

1 1 

5.50 

■  40^ 

486 

I 

6 

16 

4 

3 

12 

22 

i  .  3°'= 

3-64 

7 

0 

0 

5 

2 

14 

16.50 

I 

243 

0 

8 

2 

1 

16 

1 1 

:  100 

121 

6 

6 

16 

I 

0 

18 

5.50 

i  9'='' 

109 

4 

10 

0  Drams  15 

17 

2.10 

:  80 

97 

2 

13 

8 

Mj 

IS 

22.76 

70 

«5 

0 

16 

16 

13 

14 

1 9:42 

60 

► 

72 

II 

0 

0 

12 

13 

15.08 

;  ^  ^  50 

60 

9 

3 

8 

1 1 

12 

1Z.74 

<  40 

48 

7 

6 

16 

IC 

II 

9‘40 

3c 

36 

■  5 

10 

0 

9 

10 

6.06 

20 

24 

3 

*3 

8 

9 

2*J2 

10 

12 

I 

16 

16 

1 

7 

23.38 

5 

10 

1 1 

5 

0 

6 

6 

20.04 

8 

7 

9 

8 

8 

6 

13 

I 

8 

16 

3 

4 

S 

4 

16.70 

>3-36 

6 

7 

3 

10 

0 

3 

3 

10.02 

5 

6 

0 

18 

8 

2 

2 

6.68 

4 

4 

10 

6 

16 

I 

1 

3-34 

3 

3 

7 

15 

0 

1  7 

0 

20.51 

2 

5 

3 

8 

13-6- 

<  i 

!  I 

2 

1 1 

4»<'  I 

16 

i 

6.83 

The 

« 
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Averdupoife  weight  reduced  into  troy. 

The  two  following  examples  will  be  fufficicnt  to 
explain  thefe  two  tables,  and  fhew  their  agreement. 

Ex.  I.  In  6835  pounds  6  ounces  9  pennyweights 
6  grains  troy^  How  much  averdupoife  weight! 
(See  page  165.) 


Averdupoife. 


Ib. 

oz. 

drams. 

"4000 

3291 

6 

13.6s 

2000 

1645 

I  1 

6.84 

Pounds 

j 

Boo 

658 

4 

9.14 

troy — 

20 

16 

7 

5.02 

10 

8 

3 

10.51 

5 

4 

I 

13-25 

oz.  6 

6 

9-32 

pw.  9 

7.90 

gr.  61 

i 

.22 

Anfwer.  | 

5624 

10 

II. 8S 

Ex.  IT.  In  ^Si^pmnds  10  ounces  12  drams  a'ver- 
dupoife^  How  much  troy  weight?  (See  page  i66j 


Troy. 

lb. 

oz. 

pw. 

r  5000 

6076 

4 

^3 

8 

Pounds 

J  600 

729 

2 

0 

0 

averd. 

y  20 

24 

3 

13 

8 

4 

4 

10 

6 

16 

oz.  10 

-  9 

2 

7 

dr.  12 

13 

15.08 

Anfwer.  [^835  6  9  6.08 

M  4 
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i68  Of  the  fpecific  gravities  of  bodies. 

How  The  ufe  of  the  table  of  fpecific  gravities  will 

quitlty^ofbeft  appear  by  an  example.  Suppofe  a  body  to 
adulterati-  compounded  of  gold  and  filver,  and  it  is  re- 
tals.  qiiired  to  find  the  quantity  of  each  metal  in  the 
compound. 

.  Firfl  find  the  fpecific  gravity  of  the  compound, 
by  weighing  it  in  air  and  in  water,  and  dividing 
its  aerial  weight  by  what  it  lofes  thereof  in  water, 
the  quotient  will  fhew  its  fpecific  gravity,  or  how 
many  times  it  is  heavier  than  its  bulk  of  water. 
Then,  fubtradl  the  fpecific  gravity  of  filver  (found 
in  the  table)  from  that  of  the  compound,  and  the 
fpecific  gravity  of  the  compound  from  that  of 
gold;  the  firfl  remainder  fbews  the  bulk  of  gold, 
and  the  latter  the  bulk  of  filver,  in  the  whole 
compound  :  and  if  thefe  remainders  be  multiplied 
by  the  refpedlive  fpecific  gravities,  the  produdls 
will  fhew  the  proportion  of  weights  of  each  metal 
in  the  body.  Example. 

Suppofe  the  fpecific  gravity  of  the  compounded 
bpdy  be  13  ;  that  of  flandard  filver  (by  the  table) 
is  10.5,  and  that  of  gold  19.63  :  therefore  10.5 
from  13,  remains  2.5,  the  proportional  bulk  of 
the  gold  ;  and  13  from  19.63,  remains  6.63 
the  proportional  bulk  of  filver  in  the  compound. 
Then,  the  firfl  remainder  2.5,  multiplied  by  19.63 
the  fpecific  gravity  of  gold,  produces  49.075  for 
the  proportional  weight  of  gold ;  and  the  lafl  re¬ 
mainder  6.63  multiplied  by  10.5,  the  fpecific  gra¬ 
vity  of  filver,  produces  69.615  for  the  proportional 
weight  of  filyer  in  the  whole  body.  So  that,  for 
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every  49.07  ounces  or  pounds  of  gold,  there  are 
69.6  pounds  or  ounces  of  filver  in  the  body. 

Hence  it  is  eafy  to  know  whether  any  fufpedled 
metal  be  genuine,  or  allayed,  or  counterfeit  •,  by 
finding  how  much  it  is  heavier  than  its  bulk  of 
water,  and  comparing  the  fame  with  the  table  :  if 
they  agree,  the  metal  is  good  ;  if  they  differ,  it 
is  allayed  or  counterfeited, 

A  cubical  inch  of  good  brandy,  rum,  or  other how 
proof  fpirits,  weiehs  2 2/;. 7  grains  ;  therefore, 
a  true  inch  cube  or  any  metal  weighs  235.7 
lefs  in  fpirits  than  in  air,  it  fliews  the  fpirits  are 
proof.  If  it  lofes  lefs  of  its  aerial  weight  in  fpi^ 
rits,  they  are  above  proof ;  if  it  lofes  more,  they  \ 
are  under.  For,  the  better  the  fpirits  are,  they 
are  the  lighter,  and  the  worfe,  the  heavier.  All 
bodies  expand  with  heat  and  contradf  with  cold, 
but  fome  more  and  fome  lefs  than  others.  And 
therefore  the  fpecific  gravities  of  bodies  are  not 
precifely  the  fame  in  fummer  as  in  winter.  It  has 
been  found,  that  a  cubic  inch  of  good  brandy  is 
10  grains  heavier  in  winter  than  in  fummer;  as 
much  fpirit  of  nitre,  20  grains  ;  vinegar  6  grains, 
and  fpring  water  3.  Hence  it  is  moft  profitable 
to  buy  fpirits  in  winter,  and  fell  them  in  fummer, 
fince  they  are  always  bought  and  fold  by  meafure. 

It  has  been  found,  that  32  gallons  of  fpirits  in  win- 
ter  will  make  33  in  fummer. 

The  expanfion  of  all  fluids  is  proportionable  toxhe  tbiy 
the  degree  of  heat;  that  is,  with  a  double  ortri-^^^^^* 
pie  heat  a  fluid  will  expand  two  or  three  times  as 
much* 

Upon 
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Upon  thefe  principles  depends  the  confl ruction 
of  the  thermometer,  in  which  the  globe  or  bulb, 
and  part  of  the  tube,  are  filled  with  a  fluid,  which, 
when  joined  to  the  barometer,  is  fpirits  of  wine 
tinged,  that  it  may  be  the  more  eafily  feen  in  the 
tube.  But  when  thermometers  are  made  by  them* 
felves,  quickfilver  is  generally  ufcd. 

In  the  thermometer,  a  fcale  is  always  fitted  to 
the  tube,  to  fhew  the  expanfion  of  the  quickfilver, 
and  confequently  the  degree  of  heat.  And,  as 
Farenheifs  fcale  is  mofl:  in  efteem  at  prefent,  I  fhall 
explain  the  conftrudion  and  graduation  of  thermo- 
•  meters  according  to  that  fcale, 

Firfi,  let  the  globe  or  bulb,  and  part  of  the 
tube,  be  filled  with  a  fluid  ;  then  immerfe  the  bulb 
in  water  juft  freezing,  orfnowjuft  thawing  ;  and 
even  with  that  part  in  the  fcale  where  the  fluid  then 
ftafids  in  the  tube,  place  the  number  32,  to  de¬ 
note  the  freezing  point :  then  put  the  bulb  under 
your  arm-pit,  when  your  body  is  of  a  moderate 
degree  of  heat,  fo  that  it  may  acquire  the  fame 
degree  of  heat  with  your  flcin  *,  and  when  the  fluid 
has  rifen  as  far  as  it  can  by  that  heat,  there  place 
the  number  97 :  then  divide  the  fpace  between 
-  thefe  numbers  into  65  equal  parts,  and  continue 
thofe  divifions  both  above  97  and  below  32,  and 
number  them  accordingly. 

This  may  be  done  in  any  part  of  the  world  ;  for 
it  is  found  that  the  freezing  point  is  always  the  fame 
in  all  places,  and  the  heat  of  the  human  body 
differs  but  very  little :  fo  that  the  thermometers 
made  in  this  manner  will  perfeftly  agree  with  one 

another ; 
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another ;  and  the  heat  of  feveral  bodies  will  be 
Ihewn  by  them,  and  expreiled  by  the  number  upon 
the  fcale,  thus-. 

Air,  in  fevere  cold  weather,  in  oor  climate, 
from  15  to  25.  Air  in  winter,  from^  26  to  42. 

Air  in  fpring  and  autumn,  from  43  to  53.  Air  at 
midfummer,  frorn  65  to  68.  Extreme  heat  of 
the  fummer  fun,  from  .86  to  100.  Butter  juft 
melting,  95.  Alcohol  boils  with  174  or  175. 

Br.andy  with  190.  Water  212.  Oil  of  turpen- 
tine  550.  Tin  melts  with  408,  and  lead  with 
540.  Milk  freezes  about  30,  vinegar  28-,  and 
blood  27. 

A  body  fpecifically  lighter  than  a  fluid  will  fwim 
upon  its  furface,  in  fuch  a  manner,  that  a  quan¬ 
tity  of  the  fluid  equal  in  bulk  with  the  immerfed 
part  of  the  body,  will  be  as  heavy  as  the  whole 
bodyi  Hence,  the  lighter  a  fluid  is,  the  deeper  a 
body  will  fink  in  it ;  upon  which  depends  the  con- 
ftrudlion  of  the  hydrometer  or  water-poife. 

From  this  we  can  eafily  find  the  weight  of  a  How  the 
fhip,  or  any  other  body  that  fwims  in  water.  For, 
if  we  multiply  the  number  of  cubic  feet  which  are  ter  may  be 
under  the  furface,  by  62.5,  the  number  of  pounds 
in  one  foot  of  frefli  water ;  or  by  63,  the  number 
of  pounds  in  a  foot  of  'fait  water ;  the  produ£l 
will  be  the  weight  of  the  fhip  and  all  that  is  in  it. 

For,  fince  it  is  the  weight  of  the  fhip  that  difplaces 
the  water,  it  muft  continue  to^  fink  until  it  has  re¬ 
moved  as  much  water  as  is  equal  to  it  in  weight : 
and  therefore  the  part  immerfed  muft  be  equal  in 

bulk 
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bulk  to  fuch  a  portion  of  the  water  as  is  equal  to 
the  weight  of  the  whole  fhip. 

To  prove  this  by  experiment,  let  a  ball  of  fome 
light  wood,  fuch  as  fir  or  peartree,  be  put  into 
water  contained  in  a  glafs  vefTel  *,  and  let  the  vefiel 
be  put  into  a  fcale  at  one  end  of  a  balance,  and 
counterpoifed  by  weights  in  the  oppofite  fcale : 
then,  marking  the  height  of  the  water  in  the  vefiTel, 
take  out  the  bail  3  and  fill  up  the  vefiel  with  water 
to  the  fame  height  that  it  flood  at  when  the  ball  was 
in  it  j  and  the  fame  weight  will  counterpoife  it  as 
before. 

From  the  vefiei’s  being  filled  up  to  the  fame 
height  at  v;hich  the  water  flood  when  the  ball  was 
in  it,  it  is  evident  that  the  quantity  poured  in  is 
equal  in  magnitude  to  the  immerfed  part  of  the 
ball  •,  and  from  the  fame  weight  counterpoifing^  it 
is  plain  that  the  water  poured  in  is  equal  in  weight 
to  the  whole  balk 

LEG  T.  VI. 

Of  pneumatics, 

This  fcience  treats  of  the  nature,  weight,  and 
prefiure  of  the  air,  and  the  efiedls  arifing 
from  it. 

The  pro-  The  air  is  that  thin  tranfparent  fluid  body  in 
^rties  pf  Py-g  breathe.  It  encompaffes  the 

whole  earth  to  a  confiderable  height ;  and,  toge¬ 
ther  with  the  clouds  and  vapours  that  float  in  it, 

is 
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is  called  the  atmofphere.  The  air  is  juftly  reckoned 
among  the  number  of  fluids,  becaufe  it  has  all  the 
properties  by  which- a  fluid  is  diftinguifhed.  For, 
it  yields  to  the  lead  force  impreflTed,  its  parts  are 
eaflly  moved  among  one  another,  it  prefles  accord¬ 
ing  to  its  perpendicular  height,  and  its  preflTure  is 
every  way  equal. 

That  the  air  is  a  fluid,  confifting  of  fuch  par¬ 
ticles  as  have  no  coheflon  betwixt  them,  but  eafily 
glide  over  one  another,  and  yield  to  the  flighted: 
impreflion,  appears  from  that  eafe  and  freedom 
with  which  animals  breathe  in  it,  and  move  through 
it  without  any  difficulty  or  fenfible  refiftance. 

But  it  differs  from  all  other  fluids  in  the  three 
following  particulars,  i.  It  can  be  comprelTed  into 
a  lefs  fpace  than  what  it  naturally  polfelfeth,  which 
no  other  fluid  can.  2.  It  cannot  be  congealed  or 
fixed,  as  other  fluids  may.  3.  It  is  of  a  different 
denfity  in  every  part,  upward  from  the  earth’s  fur- 
face,  decreafing  in  its  weight,  bulk  for  bulk,  the 
higher  it  rifes  •,  and  therefore  muff  alfo  decreafe  in 
denfity.  4.  It  is  of  an  elaftic  or  fpringy  nature, 
and  the  force  of  its  fpring  is  equal  to  its  weight. 

That  air  is  a  body,  is  evident  from  its  excluding 
all  other  bodies  out  of  the  fpace  it  poffeffes  :  for, 
if  a  glafs  jar  be  plunged  with  its  mouth  downward 
into  a  veffel  of  v^ater,  there  will  but  very  little  wa¬ 
ter  get  into  the  jar,  becaufe  the  air  of  which  it  is 
full  keeps  the  water  out. 

As  air  is  a  body,  it  mufl:  needs  have  gravity  or 
weight :  and  that  it  is  weighty,  is  demonftrated 
by  experiment.  For,  let  the  air  be  taken  out  of 
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a  v^fiel  by  rmeans  of  the  air  pump,  having 

V^eighed  ,the  veilel,  let  in  the  air  again,  and  upon 
•weighing  it  when  .re-fiUed  with  air,  it  will  be  found 
confiderably  heavier.  Thu$^  a  bottle  that  holds  a 
wine  quart,  being  emptied  of  air  and  weighed,  is 
found  to  be  .about  17  grains  lighter  than  when  the  air 
is  let  into  it  again ;  which  fhews  that  a  quart  of  air 
weighs  17  grains.  But  a  quart  of  water  weighs 
,14625  grains,  this  divided  by  17  quotes  860  in 
round  numbers  which  fhews,  that  water  is  860 
times  heavier  than  air  near  the  furface  of  the 


As  the  air  rifes  above  the  earth’s  lurface,  it 
grows  rarer,  and  confcquently  lighter,  bulk  for 
bulk.  For  fince  it  is  of  an  elaftic  or  Q^ringy  na- 
,ty-re,  and  its  lowermoft  parts  are  prefied  with  the 
w^eight  of  all  that  is  above  them,  it  is  plain  that 
the  air  mufl:  be  more  denfe  or  compa(5l  at  the  earth’s 
furface,  than  ,at  any  height  above  it ;  and  gradu¬ 
ally  rarer  the  higher  up.  For^  the  denfity  of  the 
air  will  always  be  as  the  force  that  comprefles  it : 
and  therefore,  the  air  towards  the  upper  part  of 
the  atmofphere  being  left  prefled  than  that  which 
is  near  the  earth,  it  will  expand  itfelf,  and  thereby 
become  thinner  than  at  the  furface  of  the  earth. 

Dr.  Cotes  has  demonftrated,  that  if  altitudes 
in  the  air  be  taken  in  arithmetical  proportion,  the 
rarity  of  the  air  will  be  in  geometrical  proportion. 
For  inftance. 
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And  hence  it  is  eafy  to  calculate,  that  a  cubic 
inch  of  fuch  air  as  we  breathe,  would  be  fo  much 
rarefied  at  the  altitude  of  500  miles,  that  it  would  £11 
a  fphere  equal  in  diameter  to  the  orbit  of  Saturn. 

The  weight  or  preffure  of  the  air  is  exadly  de¬ 
termined  by  the  following  experiment. 

Take  a  glafs  tube  about  three  feet  long,  and  The  Ten- 
open  at  one  end*,  fill  it  with  quickfilver,  and  put- peruiueait, 
ting  your  finger  upon  the  open  end,  turn  that  end 
downward,  and  immerfe  it  into  a  fmall  veflel  of 
quickfilver,  without  letting  in  any  air :  then  take 

away 
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away  your  finger,  and  the  quickfilver  will  remain 
fufpended  in  the  tube  29I-  inches  above  its  furface 
in  the  vefTel  •,  fometimes  more,  and  at  other  times 
lefs,  as  the  weight  of  the  air  is  varied  by  winds 
and  other  caufes.  That  the  quickfilver  is  kept  up 
in  the  tube  by  the  preffure  of  the  atmofphere  upon 
that  in  the  bafon,  is  evident  5  for,  if  the  bafon  and 
tube  be  put  under  a  glafs,  and  the  air  taken  out  of 
the  glafs,  all  the  quickfilver  in  the  tube  falls  down 
into  the  bafon  ;  and  when  the  air  is  let  in  again, 
the  quickfilver  rifes  to  the  fame  height  as  before. 
Therefore  the  air’s  preffure  on  the  furface  of  the 
earth,  is  equal  to  the  weight  of  29I-  inches  depth 
of  quickfilver  all  over  the  earth’s  furface,  at  a 
mean  rate. 

A  fquare  column  of  quickfilver,  29 f  inches 
high,  and  one  inch  thick,  weighs  juft  15  pounds, 
which  is  equal  to  the  preffure  of  air  upon  every 
fquare  inch  of  the  earth’s  furface  \  and  144  times 
as  much,  or  2160  pounds,  upon  every  fquare  foot; 
becaufe  a  fquare  foot  contains  144  fquare  inches. 
At  this  rate,  a  middle  fiz’d  man,  whofe  furface 
'  may  be  about  14  fquare  feet,  fuftains  a  preffure  of 
30240  pounds,  or  13I-  tons,  when  the  air  is  of  a 
mean  gravity  :  a  preffure  which  would  be  infupport- 
abie,  and  even  fatal  to  us,  were  it  not  equal  on  every 
part,  and  counterbalanced  by  the  fpring  of  the  air 
within  us,  which  is  diffufed  through  the  whole  body ; 
and  re-a6ls  with  an  equal  force  againft  the  outward 
preffure. 

Now,  fince  the  earth’s  furface  contains  (in  round 
numbers)  200,000,000  fquare  miles,  and  every 
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fquare  mile  27878400  fquare  feet,  there  muft  be 
5575680000000000  fquare  feet  on  the  earth’s  fur- 
face  ;  which  multiplied  by  2  i  60  pounds  (the  prelTure 
on  each  fquare  foot)  gives  12043468800000000000 
pounds  for  the  prefTure  or  weight  of  the  whole  at- 
mofphere. 

When  the  air  is  taken  out  of  a  pipe,  and  the 
end  of  the  pipe  immerfed  in  water,  the  water  will 
rife  in  it  to  the  height  of  33  feet  above  the  furface 
of  the  water  in  which  it  is  immerfed  ;  but  will  go 
no  higher  :  for  it  is  found,  that  a  common  pump 
will  draw  water  no  higher  than  33  feet  above  the 
furface  of  the  well :  and  unlefs  the  bucket  goe^  ■ 
within  that  diftance  from  the  well,  the  v/ater  will 
never  get  above  it.  Now,  as  it  is  the  preifure  of 
the  atmolphere,  on  the  furface  of  the  water  in  the 
well,  that  caufes  the  water  to  afcend  in  the  pump, 
and  follow  the  pifton  or  bucket,  as  all  the  air  above 
it  is  lifted  up  5  it  is  evident,  that  a  column  of  wa¬ 
ter  33  feet  high,  is  equal  in  weight  to  a  column 
of  quickfilver  of  the  fame  diameter,  29^  inches 
high ;  and  to  as  thick  a  column  of  air,  reaching 
from  the  earth’s  furface  to  the  top  of  the  atmo- 
fphere. 

In  ferene  calm  weather,  the  air  has  weight  enough  The  bara-^ 
to  fupport  a  column  of  quickfilver  31  inches  highj*^^^^^' 
but  in  tempefhuous  ftormy  weather,  not  above  28 
inches.  The  quickfilver,  thus  fupported  in  a  glafs 
tube,  is  found  to  be  a  nice  counterbalance  to  the 
weight  or  prelTure  of  the  air,  and  to  fhew  its  alte¬ 
rations  at  different  times.  And  being  now  gene¬ 
rally  ufed  to  denote  the  changes  in  the  weight  of 
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the  air,  and  of  the  weather  confequent  upon  them, 
it  is  called  the  barometer^  or  weather  glafs. 

The  preflure  of  the  air  being  equal  on  all  fides 
of  a  body  expofed  to  it,  the  fofteft  bodies  fuftain 
this  preflure  without  fuffering  any  change  in  their 
figure ;  and  fo  do  the  molt  brittle  bodies  without 
being  broke. 

The  air  is  rarefied,  or  made  to  fwell  with  heat; 
and  of  this  property,  wind  is  a  neceffary  confe- 
The  caufe  qucnce.  For,  when  any  part  of  the  air  is  heated 
of  ^'ihds.  otherwife,  it  will  fwell,  and  thereby 

affect  the  adjacent  air  :  and  fo,  by  various  degrees 
of  heat  in  different  places,  there  will  arife  various 
winds. 

When  the  air  is  much  heated,  it  will  afcend 
towards  the  upper  part  of  the  atmolphere,  and  the 
adjacent  air  will  ruffi  in  to  fupply  its  place ;  and 
therefore,  there  will  be  a  dream  or  current  of  air 
from  all  parts  towards  the  place  where  the  heat  is. 
And  hence,  we  fee  the  reafon  why  the  air  rufhes 
with  fuch  force  into  a  glafs  houfe;  or  towards  any 
place  where  a  great  fire  is  made.  And  alfo,  why 
fmoke,  is  carried  up  a  chimney,,  and  why  the  air 
ruffles  in  at  the  key-hole  of  the  door,  or  any  fmall 
chink,  when  there  is  a  fire  in  the  room.  So  we 
may  take  it  in  general,  that  the  air  will  prefs  to¬ 
wards  that  part  of  the  world  where  it  is  moft 
heated. 

The  trade-  Upon  this  principle,  we  can  eafily  account  for 
’zviuds.  trade-winds which  blow  conftantly  from  eafl 

to  weft  about  the  equator.  For,  when  the  fun 
fhines  perpendicularly  on  any  part  of  the  earth,  it 

will 
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will  heat  the  air  very  much  in  that  part,  which 
air  will  therefore  rife  upward,  and  when  the  fun 
withdraws,  the  adjacent  air  will  rufh  in  to  fill  its 
place  j  and  confequently  caufe  a  llream  or  current 
of  air  from  all  parts  towards  that  which  is  molt 
heated  by  the  fun.  But,  as  the  fun,  with  refpedf 
to  the  earth,  moves  from  call  to  weft,  the  common 
courfe  of  the  air  will  be  that  way  too ;  continually 
prefling  after  the  fun  :  and  therefore,  at  the  equa¬ 
tor,  where  the  fun  fhines  ftrongly,  there  will  be  a 
continual  eafterly  wind  *,  but,  on  the  north-lide,  it 
will  incline  a  little  to  the  north,  and  on  the  fouth- 
fide,  to  the  fouth. 

This  general  courfe  of  the  wind  about  the  equa¬ 
tor  is  changed  in  feveral  places,  and  upon  feveral 
accounts;  as,  i.  By  exhalations  that  rife  out  of  the 
earth  at  certain  times,  and  from  certain  places  ;  in 
earthquakes,  and  from  volcano’s.  2.  By  the  fall- 
ing  of  great  quantities  of  rain,  caufing  thereby  a 
fudden  condenfation  or  contraction  of  the  air. 

3.  By  burning  fands,  that  often  retain  the  folar  heat 
to  a  degree  incredible  to  thofe  who  have  not  felt  it, 
caufing  a  more  than  ordinary  rarefaCtion  of'  the  air 
contiguous  to  them.  4.  By  high  mountains,  that 
alter  the  direction  of  the  winds  in  ftriking  againft 
them.  5.  By  the  declination  of  the  fun  towards 
the  north  or  fouth,  heating  the  air  on  the  north  or 
fouth  fide  of  the  equator. 

To  thefe  and  fuch  like  caufes  is  owing,  i.  The  The  nm- 
irregularity  and  uncertainty  of  winds  in  climates-^®^^^^* 
diftant  from  the  equator,  as  in  moft  parts  of  Eu¬ 
rope,  2.  Thofe  periodical  winds  called  monfoons^ 
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which  in  the  Indian  feas  blow  half  a  year  one  way, 
and  the  other  half  another.  3.  Thofe  winds  which 
on  the  coaft  of  Guinea^  and  on  the  weftern  coafts 
of  America^  blow  always  from  weft  to  eaft.  4.  The 
fea- breezes,  which,  in  hot  countries,  blow  generally 
from  fea  to  land,  in  the  day-time  \  and  the  land- 
breeze^  which  blows  in  the  night ;  and,  in  fhort,  all 
thofe  ftorms,  hurricanes,  whirlwinds,  and  irregu¬ 
larities,  which  happen  at  different  times  and  places. 

All  common  air  is  impregnated  with  a  vivifying 
fprit^  which  is  neceffary  to  continue  the  lives  of 
animals :  and  this,  in  a  gallon  of  air,  is  fufficient 
for  one  man  during  the  fpace  of  a  minute,  and 
not  much  longer. 

This  fpirit  in  air  is  deftroyed  by  pafling  through 
the  lungs  of  animals  :  and  hence  it  is,  that  an  ani¬ 
mal  dies  foon,  after  being  put  under  a  veffel  which 
admits  no  frefti  air  to  come  to  it.  This  fpirit  is  alfo 
infufed  into  water  ^  for  fifti  die  when  they  are  ex¬ 
cluded  from  frefti  air,  as  in  a  pond  that  is  clofely 
frozen  over.  And  the  little  eggs  of  infers,  ftop- 
ped  up  in  a  glafs,  do  not  produce  their  young, 
though  alfifted  by  a  kindly  warmth.  The  feeds 
alfo  of  plants  mixed  with  good  earth,  and  inclofed 
in  a  glafs,  will  not  grow.  So  that  frefti  air  is  abfo- 
liitely  neceffary,  both  for  the  produ<ftion  and  con¬ 
tinuation  of  the  lives  of  animals  and  plants. 

This  enlivening  quality  in  air  is  alfo  deftroyed  by 
the  air’s  paffing  through  fire ;  particularly  charcoal 
fire,  or  the  flame  of  fulphur.  Hence,  fmoaking 
chimneys  muft  be  very  unwholfome,  efpecially  if 
the.rooms  they  are  in  be  fmall  and  clofe. 

Air 
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Air  is  alfo  vitiated,  by  remaining  clofely  pent  up 
in  any  place  for  a  confiderable  time  j  or  perhaps, 
by  being  mixed  with  malignant  ftearns  and  parti¬ 
cles  flowing  from  the  neighbouring  bodies  ;  or 
laftly,  by  the  corruption  of  the  vivifying  fpirit ; 
as  in  the  holds  of  fhips,  in  oil-cifterns,  or  wine 
cellars  which  have  been  fhut  up  for  a  confiderable 
time.  The  air  in  any  of  them  is  fometimes  fo 
much  vitiated,  as  to  be  immediate  death  to  any  ani¬ 
mal  that  comes  into  it. 

Air  that  has  loft  its  vivifying  fpirit  is  called  Da7np. 
dampj  not  only  becaufe  it  is  filled  with  humid  or 
moift  vapours,'  but  becaufe  it  deadens  fire,  extin- 
guifbes  flame,  and  deftroys  life. —The  dreadful 
effects  of  damps  are  fufficiently  known  to  fuch  as 
work  in  mines. 

If  part  of  the  vivifying  fpirit  of  air  in  any  coun¬ 
try  begins  to  putrefy,  the  inhabitants  of  that  coun¬ 
try  will  be  fubjedt  to  an  epidemical  difeafe,  which 
will  continue  until  the  putrefadtion  is  over.  And 
as  the  putrefying  fpirit  occafions  the  difeafe,  fo  if 
the  difeafed  body  contributes  towards  the  putrefying 
of  the  air,  then  the  difeafe  will  not  only  be  epi¬ 
demical,  but  peftilential  and  contagious. 

The  atmofphere  is  the  common  receptacle  of  all 
the  effluvia  or  vapours  arifing  from  different  bo¬ 
dies  ;  of  the  fteams  and  fmoke  of  things  burnt  or 
melted  ;  the  fogs  or  vapours  proceeding  from  damp 
watery  places  •,  and  of  the  effluvia  from  fulphureous, 
nitrous,  acid  and  alkaline  bodies.  In  fhort,  what¬ 
ever  may  be  called  volatile,  rifcs  in  the  air  to  greater 
or  lefs  heights,  according  to  its  fpecific  gravity. 
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When  the  effluvia,  which  arife  from  acid  and 
alkaline  bodies,  meet  each  other  in  the  air,  there 
will  be  a  ftrong  confli6l  ^or  fermentation  between 
them  ;  which  will  fometimes  be  fo  great,  as  to  pro-  | 

duce  a  fire  :  then,-  if  the  effluvia  be  combuftible,  i 

the  fire  will  run  from  one  part  to  another,  juft  as  I 
the  inflammable  matter  happens  to  lie.  i 

Any  one  may  be  convinced  of  this,  by  mixing 
an  acid  and  an  alkaline  fluid  together,  as  the  fpirit 
of  nitre  and  oil  ,of  cloves  *,  upon  the  doing  of 
which,  a  fudden  ferment,  with  a  fine  flame,  will 
arife  •,  and  if  the  ingredients  be  very  pure  and 
ftrong,  there  will  be  a  fudden  explofion. 

Whoever  confiders  the  effedls  of  fermentation, 
cannot  be  at  a  lofs  to  account  for  the  dreadful  ef- 
fedls  of  thunder  and  lightning :  for  the  effluvia  of 
fulphureous  and  nitrous  bodies,  and  others  that  may 
rife  into  the  atmofphere,  will  ferment  with  each 
other,  and  take  fire  very  often  of  themfelves  ; 
fometimes  by  the  afflftance  of  the  fun’s  heat. 

If  the  inflammable  matter  be  thin  and  light,  it 
will  rife  to  the  upper  part  of  the  atmofphere,  where 
it  will  flafh  without  doing  any  harm :  but  if  it  be 
denfe,  it  will  lie  nearer  the  furface  of  the  earth, 
where  taking  fire,  it  will  explode  with  a  furprifing 
force  ;  and  by  its  heat  rarefy  and  drive  away  the 
air,  kill  men  and  cattle,  fplit  trees,  walls,  rocks, 
isc.  and  be  accompanied  with  terrible  claps  of 
thunder. 

The  heat  of  lightning  appears  to  be  quite  dif¬ 
ferent  from  that  of  other  fires ;  for  it  has  been 
known  to  run  through  wood,  leather,  cloth, 

without 
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without  hurting  them  ;  while  it  has  broken  and 
melted  iron,  fteel,  filver,  gold,  and  other  hard 
bodies.  Thus  it  has  melted ’or  burnt  afunder  a  1 
fword  without  hurting  the  fcabbard,  and  money  in 
a  man’s  pocket  without  hurting  his  deaths  :  the 
reafon  of  this  feems  to  be,  that  the  particles  of  the 
fire  are  fo  fine,  as  to  pafs  through  foft  loofe  bodies 
without  dilTolving  them  ;  whilil  they  fpend  their 
w'hole  force  upon  the  hard  ones. 

It  is  remarkable,  that  knives  and  forks  which 
have  been  ftruck  with  lightning  have  a  very  flrong 
magnetical  virtue  for  feveral  years  after;  and  I 
have  heard  that  lightning  ftriking  upon  the  mari¬ 
ner’s  compafs  will  fometimes  turn  it  round  ;  and 
often  make  it  {land  the  contrary  way  ;  or  with  the 
north  pole  towards  the  fouth.  ' 

Much  of  the  fame  kind  with  lightning  are  thofeHr<?  damps ^ 
explofions  called  fulminating  or  fire  damps^  which 
fometimes  happen  in  mines ;  and  are  occafioned  by 
fulphureous  and  nitrous,  or  rather  oleaginous  par¬ 
ticles,  rifing  from  the  mine  and  mixing  with  the 
air,  where  they  will  take  fire  by  the  lights  which 
the  workmen  are  obliged  to  make  ufe  of.  The  fire 
being  kindled,  will  run  from  one  part  of  the  mine 
to  another,  'like  a  train  of  gunpowder,  as  the 
combuftible  matter  happens  to  lie.  And  as  the 
elafticity  of  the  air  is  increafed  by  heat,  that  in  the 
mine  will  confequently  fwell  very  much,  and  fo, 
for  want  of  room,  will  explode  with  a  greater  or 
lefs  degree  of  force,  according  to  the  denfity  of 
the  combuftible  vapours.  It  is  fometimes  fo  ftrong, 
as  tQ  blow  up  the  mine  ;  and  at  other  times  fq 
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weak,  that  when  it  has  taken  fire  at  the  flame  of 
a  candle,  it  is  eafily  blowm  out. 

Air  that  will  take  fire  at  the  flame  of  a  candle, 
may  be  produced  thus.  Having  exhaufted  a  re¬ 
ceiver  of  the  air-pump,  let  the  air  run  into  it 
through  the  flame  of  the  oil  of  turpentine  \  then  x 
remove  the  cover  of  the  receiver,  and  holding  a 
candle  to  that  air,  it  will  take  fire,  and  burn 
quicker  or  flower,  according  to  the  denfity  of  the 
oleaginous  vapour. 


larty  When  fuch  combuftible  matter,  as  is  above  men- 
^mkes,  kindles  in  the  bowels  of  the  earth,  where 

there  is  little  or  no  vent,  it  produces  earthquakes^ 
and  violent  ftorms  or  hurricanes  of  wind,  when  it 
breaks  forth  into  the  air. 

An  artificial  earthquake  may  be  made  thus. 
Take  10  or  15  pounds  of  fuiphur,  and  as  much 
of  the  filings  of  iron,  and  knead  them  with  com¬ 
mon  water  into  the  confiftence  of  a  pafte  :  this  be¬ 
ing  buried  in  the  ground,  will,  in  8  or  10  hours 
time,  burfl:  out  in  flames,  and  caufe  the  earth  to 
tremble  all  around  to  a  confiderable  diflance. 

From  this  experiment  we  have  a  very  natural  ac- 
count  of  the  fire  of  mount  Mtna^  Vefuvius^  and 
other  volcano’s,  they  being  probably  fet  on  fire  at 
firfi:  by  the  mixture  of  fuch  metaline  and  fulphure- 
ous  particles. 

Plate  XIV.  The  air-pump  being  in  effedl  the  fame  as  the 
water-pump,  whoever  underflands  the  one,  will  be 
at  no  lofs  to  underfland  the  other. 

Having  put  a  wet  leather  on  the  plate  XL  of 
the  air-pump,  place  the  glafs  receiver  M  upon  the 

leather^ 
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leather,  fo  that  the  hole  f  in  the  plate  may  be 
within  the  glafs.  Then,  turning  the  handle  F 
backward  and  forward,  the  air  will  be  pumped  out 
of  the  receiver  *,  which  will  then  be  held  down  to 
the  plate  by  the  preflure  of  the  external  air,  or  at- 
mofphere.  For,  as  the  handle  (Fig.  2.)  is  turned 
backwards,  it  rifes  the  pifton  Je  in  the  barrel  BX, 
by  means  of  the  wheel  F  and  rack  Z)J;  and  as 
the  piflion  is  leathered  fo  tight,  as  to  fit  the  barrel 
exadlly,  no  air  can  get  between  the  pifton  and  bar¬ 
rel  ;  and  therefore,  all  the  air  above  J  in  the  barrel 
is  lifted  up  towards  B,  and  a  vacuum  made  in  the 
barrel  from  e  to  upon  which,  part  of  the  air 
in  the  receiver  Af  (Fig.  i.),  by  its  fpring,  rufhes 
through  the  hole  i,  in  the  brafs  plate  LL,  along  the 
pipe  GG  (which  communicates  with  both  barrels 
by  the  hollow  trunk  JHKy  Fig.  2.),  and  pufhing 
up  the- valve  b,  enters  into  the  vacant  place  be  of 
the  barrel  BK.  For,  wherever  the  refiftance  or 
prefTure  is  taken  off,  the  air  will  run  to  that  place, 
if  it  can  find  a  paffage. — Then,  as  the  handle  F 
is  turned  forward,  the  pifton  de  i$  depreffed  in  the 
barrel  ^  and,  as  the  air  which  had  got  into  the 
barrel  cannot  be  pufhed  back  through  the  valve  b^ 
it  afcends  through  a  hole  in  the  pifton,  and  efcapes 
through  a  valve  at  d  \  and  is  hindered  by  that  valve 
from  returning  into  the  barrel,  when  the  pifton  is 
again  raifed.  At  the  next  raifing  of  the  pifton, 
a  vacuum  is  again  made,  in  the  fame  manner  as  be¬ 
fore,  between  b  and  e  *,  upon  which,  more  of  the 
air  which  was  left  in  the  receiver  M  gets  out  thence 
by  its  fpring,  and  runs  into  the  barrel  BK^,  through 

the 
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the  valve  h.  The  fame  thing  is  to  be  underftood 
with  regard  to  the  other  barrel  vf/;  and  as  the 
handle  F  is  turned  backwards  and  forwards,  it  al¬ 
ternately  raifes  and  depreffes  the  piftons  in  their 
barrels ;  always  raifing  one  whilft  it  depreffes  the 
other.  And,  as  there  is  a  vacuum  made  in  each 
barrel  when  its  pifton  is  raifed,  every  particle  of 
air  in  the  receiver  M  pufhes  out  another,  by  its 
fpring  or  elafticity,  through  the  hole  i  and  pipe  GG 
into  the  barrels  *,  until  at  laft  the  air  in  the  receiver 
comes  to  be  fo  much  dilated,  and  its  fpring  fo  far 
weakened,  that  it  can  no  longer  get  through  the 
valves  y  and  then,  no  more  can  be  taken  out. 
Hence,  there  is  no  fuch  thing  as  making  a  perfedf 
vacuum  in  the  receiver ;  for  the  quantity  of  air 
ta^en  out  at  any  one  ftroke,  will  always  be  as  the  ' 
denfity  thereof  in  the  receiver:  and  therefore  it  is 
impolfible  to  take  it  all  out,  becaufe,  fuppofing  the 
receiver  and  barrels  of  equal  capacity,  there  will 
be  always  as  ^much  left  as  was  taken  out  at  the  lafl 
turn  of  the  handle. 

There  is  a  cock  k  below  the  pump-plate,  which 
being  turned,  lets  the  air  into  the  receiver  again  ; 
and  then  it  becomes  loofe,  and  may  be  taken  off 
the  plate.  The  barrels  are  fixed  into  the  frame  ee 
by  two  fcrew-nuts  //,  which  prefs  down  the  top- 
piece  E  upon  the  barrels :  and  the  hollow  trunk  H 
(in  Fig.  2.)  is  covered  by  a  box,  as  GH  in  Fig.  i. 

There  is  a  glafs  tube  Imn  open  at  both  ends, 
,and  about  34  inches  long  ;  the  upper  end  commu¬ 
nicating  with  the  hole  in  the  pump- plate,  and  the 
lower  end  immerfed  in  quickfilver  at  n  in  thq 
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veflel  Ts,  To  this  tube  is  fitted  a  wooden  ruler 
mm^  called  the  gage-^  which  is  divided  into  inches 
and  parts  of  an  inch,  from  the  bottom  at  n  (where 
it  is  even  with  the  furface  of  the  quickfilver)  and 
continued  up  to  the  top,  a  little  below  to  30  or 
31  inches. 

As  the  air  is  pumped  out  of  the  receiver  Af,  it 
is  likewife  pumped  out  of  the  glafs  tube  Imn^  be- 
caufe  that  tube  opens  into  the  receiver  through  the 
pump-plate  :  and  as  the  tube  is  gradually  emptied 
of  air,  the  quickfilver  in  the  vefiel  N  is  forced  up 
into  the  tube  by  the  prefiure  of  the  atmofphere. 

And  if  the  receiver  could  be  perfe6lly  exhaufted  of 
air,  the  quickfilver  would  ftand  as  high  in  the  tube, 
as  it  does  at  that  time  in  the  barometer  :  for  it  is 
fupported  by  the  fame  power  or  weight  of  the  at- 
molphere  in  both. 

The  quantity  of  air  exhaufted  out  of  the  re¬ 
ceiver  on  each  turn  of  the  handle,  is  always  pro¬ 
portionable  to  the  afcent  of  the  quickfilver  on  that 
turn  :  and  the  quantity  of  air  remaining  in  the 
receiver,  is  proportionable  to  the  defed  of  the  height 
of  the  quickfilver  in  the  gage,  from  what  it  is  at 
that  time  in  the  barometer. 

I  ftiall  now  give  an  account  of  the  experiments 
made  with  the  air-pump,  in  my  ledures  ;  fhewing 
the  refiftance,  weight,  and  clafticity  of  the  ain 

I.  ^0  jhew  the  rejijiance  of  the  air. 

I  .  There  is  a  little  machine,  confiding  of  two  Fig.  3. 
mills,  a  and  which  are  of  equal  weights,  inde- 
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pendent  of  each  other,  and  turn  equally  free  on 
their  axes  in  the  frame.  Each  mill  has  four  thin 
arms  or  fails,  fixed  into  the  axis  :  thofe  of  the  mill 
a  have  their  planes  at  right  angles  to  its  axis,  and 
thofe  of  h  have  their  planes  parallel  to  it.  There¬ 
fore,  as  the  mill  a  turns  round  in  common  air,  it 
is  but  little  lefifted  thereby,  becaufe  its  fails  cut 
the  air  with  their  thin  edges  i  but  the  mill  h  is 
much  refifted,  becaufe  the  broad  fides  of  its  fxils 
move  againft  the  air  when  it  turns  round.  In  each 
axle  is  a  pin  near  the  middle  of  the  frame,  which 
goes  quite  through  the  axle,  and  Hands  out  a  little 
on  each  fide  of  it :  upon  thefe  pins,  the  fiider  d 
may  be  made  to  bear,  and  fo  hinder  the  mills  from 
going,  when  the  ftrong  fpring  c  is  fet  on  bend 
againfi:  the  oppofite  ends  of  the  pins. 

Having  fet  this  machine  upon  the  pump-plate 
LL  (Fig.  I.)  draw  up  the  fiider  d  to  the  pins  on 
one  fide,  and  fet  the  fpring  c  at  bend  upon  the  op- 
polite  ends  of  the  pins  :  then  pufii  down  the  Aider 

and  the  fpring  ading  equally  ftrong  on  each 
mill,  will  let  them  both  a  going  with  equal  forces 
and  velocities  :  but  the  mill  a  will  run  much  longer 
than  the  mill  h,  becaufe  the  air  makes  much  lefs  re¬ 
finance  againft  the  edges  of  its  fails,  than  ao-ainft 
the  fides  of  the  fails  of  h,  ^ 

Draw  up  the  fiider  again,  and  let  the  Ipring  upon 
the  pins  as  before;  then  cover  the  machine  with 
the  receiver  M  upon  the  pump-plate,  and  havinor 
exhaufted  the  receiver  of  air,  pulh  down  the  wire 
P P  (through  the  collar  of  leathers  in  the  neck  q) 
upon  the  fiider ;  which  will  difengage  it  from  the 

pins. 
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phis,  and  allow  the  mills  to  turn  round  by  the  im- 
pulfe  of  the  fpring  :  and  as  there  is  no  air  in  the 
receiver  to  make  any  fenfible  refiftance  againft  them, 
they  will  both  move  a  confiderable  time  longer 
than  they  did  in  the  open  air  •,  and  the  moment 
that  one  flops,  the  other  will  do  fo  too. — This 
fhev/s  that  air  refifcs  bodies  in  motion,  and  that 
equal  bodies  may  meet  with  different  degrees  of 
refillance,  according  as  they  prefent  greater  or  lefs 
furfaces  to  the  air,  in  the  planes  of  their  motions. 

2.  Take  off  the  receiver  /kf,  and  the  mills  •,  and 
having  put  the  guinea  a  and  feather  h  upon  the  Fig.  4. 
brafs  flap  c,  turn  up  the  flap,  and  fhut  it  into  the 
notch  d.  Then,  putting  a  wet  leather  over  the 
top  of  the  tall  receiver  AB  being  open  both  at 
top  and  bottom)  cover  it  with  the  plate  C,  from 
which  the  guinea'and-feather  tongs  ed  will  then 
hang  within  the  receiver.  This  done,  pump  the 
air  out  of  the  receiver ;  and  then  draw  up  the  wire 
f  a  little,  which  by  a  fquare  piece  on  its  lower  end 
will  open  the  tongs  ed ;  and  the  flap  falling  down, 
as  at  r,  the  guinea  and  feather  will  defeend  with 
equal  velocities  in  the  receiver  ;  and  both  will  fall 
upon  the  pump-plate  at  the  fame  inflant.  iV.  B,  In 
this  experiment,  the  obfervers  ought  not  to  look 
at  the  top,  but  at  the  bottom  of  the  receiver  \  in 
order  to  fee  the  guinea  and  feather  fall  upon  the 
plate  :  otherwife,  on  account  of  the  quicknefs  of 
their  motion,  they  will  efcape  the  fight  of  the  be¬ 
holders. 
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II.  To  Jhew  the  weight  of  the  air, 

'  » 

I.  Having  fitted  a  brafs  cap,  with  a  valve  tied 
over  it,  to  the  mouth  of  a  thin  bottle,  or  Florence 
fiafk,  whofe  contents  is  exactly  known,  fcrew  the 
neck  of  this  cap  into  the  hole  i  of  the  pump-plate  : 
then,  having  exhaufted  the  air  out  of  the  flaflc, 
and  taken  it  off  from  the  pump,  let  it  be  fuf- 
pended  at  one  end  of  a  balance,  and  nicely  coun« 
terpoiled  by  weights  in  the  fcale  at  the  other  end  : 
this  done,  raife  up  the  valve  with  a  pin,  and  the 
air  will  rufh  into  the  flafle  with  an  audible  noife ; 
during  which  time,  the  flafk  will  defcend,  and  pull 
down  that  end  of  the  beam.  When  the  noife  is 
ovef,  put  as  many  grains  into  the  fcale  as  will  re- 
ffore  the  equilibrium  ;  and  they  will  fliew  exadlly 
the  weight  of  the  quantity  of  air  which  has  got 
into  the  flafk,  and  filled  it.  If  the  flafk  holds  an 
exad  quart,  it  will  be  found,  that  17  grains  will 
reflore  the  equipoife  of  the  balance,  when  the 
quickfilver  Hands  at  29-^-^  inches  in  the  barometer  : 
which  fhews,  thlit  when  the  air  is  at  a  mean  rate  of 
denfity,  a  quart  of  it  weighs  17  grains  :  it  weighs 
more  when  the  quickfilver  ftands  higher  ^  and  lefs 
when  it  ftands  lower. 

2.  Place  the  fmr^l  receiver  O  (Fig.  i.)  over  the 
hole  /  in  the  pump-plate,  and  upon  exhaufting 
the  air,  the  receiver  will  be  fixed  down  to  the  plate 
by  the  preflure  of  the  air  on  its  outfide,  which  is 
left  to  adl  alone,  without  any  air  in  the  receiver  to 
againft  it  :  and  this  prelTure  will  be  equal  to  as 
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many  times  15  pounds,  as  there  are  fquare  inches 
in-,  that  part  of  the  plate  which  the  receiver  covers  ; 
which  will  hold  down  the  receiver  fo  faft,  that  it 
cannot  be  got  off,  until  the  air  be  let  into  it  by 
turning  the  cock  k  5  and  then  it  becomes  loofe. 

3.  Set  the  little  glafs  AB  (which  is  open  at  both  Fig.  5. 
ends)  over  the  hole  i  upon  the  pump-plate  LL, 

and  clap  your  hand  clofe  upon  the  top  of  it  at  B  : 
then,  upon  exhaufting  the  air  out  of  the  glafs,  you 
will  find  your  hand  prefled  down  with  a  great 
weight  upon  it  ;  fo  that  you  can  hardly  releafe  it, 
until  the  air  be  re- admitted  into  the  glafs  by  turn¬ 
ing  the  cock  k  *,  which  air,  by  acting  as  flrongly 
upward  againfl:  the  hand  as  the  external  air  a61:ed  in 
preffing  it  downward,  will  releafe  the  hand  from 
its  confinement. 

4.  Plaving  tied  a  piece  of  wet  bladder  h  over  Fig.  5. 
the  open  top  of  the  glafs  A  (which  is  alfo  open  at 
bottom)  fet  it  to  dry,  and  then  the  bladder  will 

be  as  tight  as  a  drum.  Then  place  the  open  end  A 
upon  the  pump-plate,  over  the  hole/,  and  begin 
to  exhauft  the  air  out  of  the  glafs.  As  the  air  is 
exhaufting,  its  fpring  in  the  glafs  will  be  weakened, 
and  give  way  to  the  prefture  of  the  outward  air  on 
the  bladder,  which,  as  it  is  prefled  down,  will  put 
on  a  fpherical  concave  figure,  which  will  grow 
deeper  and  deeper,  until  the  ftrength  of  the  bladder 
be  overcome  by  the  weight  of  the  air  ;  and  then 
it  will  break  with  a  report  as  loud  as  that  of  a  gun. 

—If  a  flat  piece  of  glafs  be  laid  upon  the  open 
top  of  this  receiver,  and  joined  to  it  by  a  flat  ring 
of  wet  leather  between  them  j  upon  pumping  the 
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air  out  of  the  receiver,  the  prefllire  of  the-  outward 
air  upon  the  fiat  glafs  will  break  it  all  to  pieces. 

5.  Immerfe  the  neck  ri  of  the  hollow  giafs  ball 
ehm.  water,  contained  in  the  phial  a  a  ;  then  fee  it 
upon  the  pump -plate,  and  cover  it  and  the  hole  i 
with  the  clofe  receiver  A  \  and  then  begin  to  pump 
out  the  air.  As  the  air  goes  out  pf  the  receiver  by 
its  fpring,  it  will  alfo  by  the  fame  means  go  out  of 
the  hollow  ball  through  the  neck  dc^  and  rife 
up  in  bubbles  to  the  furface  of  the  water  in  the 
phial  \  from  whence  it  will  make  its  way,  with  the 
reft  of  the  air  in  the  receiver,  through  the  air- pipe 
GGand  valves  a  and  into  the  open  air.  When  it 
has  done  bubbling  in  the  phial,  the  ball  is  fufficiendy 
exhaufted  ;  and  then,  upon  turning  the  cock 
the  air  wdll  get  into  the  receiver,  and  prefs  fo  upon 
the  furface  of  the  water  in  the  phial,  as  to  force  the 
water  up  into  the  ball  in  a  jet,  through  the  neck 
cd\  and  will  fill  the  ball  almoft  full  of  water. 
The  reafon  why  the  ball  is  not  quite  filled,  is  be- 
caufe  all  the  air  cpuld  not  be  taken  out  of  it ;  and 
the  frnall  quantity  that  was  left  in,  and  had  ex¬ 
panded  itfelf  fo  as  to  fill  the  whole  ball,  is  now 
condenfed  into  the  fame  ftate  as  the  outward  air, 
and  remains  in  a  frnall  bubble  at  the  top  of  the 
ball ;  and  fo  keeps  the  water  from  filling  that  part 
of  it. 

6.  Pour  fome  quickfilver  into  the  jar  D  and  let 
it  on  the  pump-plate  near  the  hole  i  ;  then  fet  on 
the  tall  open  receiver  A  By  fo  as  to  be  over  the  jar 
and  hole  ;  and  cover  the  receiver  with  the  brafs 
plate  C  Screw  the  open  glafs  tube  f  g  (which  has 
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a  brafs  top  on  it  2X  h)  into  the  fyringe  and  put¬ 
ting  the  tube  through  a  hole  in  the  middle  of  the 
plate,  fo  as  to  immerfe  the  lower-end  of  the  tube  e 
in  the  quickfilver  at  D,  fcrew  the  end  h  of  the  fy¬ 
ringe  into  the  plate.  This  done,  draw  up  the 
pifton  in  the  fyringe  by  the  ring  7,  which  will  make 
a  vacuum  in  the  fyringe  below  the  pifton  ;  and  as 
the  upper  end  of  the  tube  opens  into  the  fyringe, 
the  air  will  be  dilated  in  the  tube,  becaufe  part  of 
it,  by  its  fpring,'  gets  up  into  the  fyringe  ;  and  the 
Ipring  of  the  undilated  air  in  the  receiver  ading 
upon  the  furface  of  the  quickfilver  in  the  jar,  will 
force  part  of  it  up  into  the  tube :  for  the  quick- 
filver  will  follow  the  pifton  in  the  fyringe,  in  the 
fame  way,  and  for  the  fame  rcafon,  that  water 
follows  the  pifton  of  a  common  pump  when  it  is 
raifed  in  the  pump  barrel ;  and  this,  according  to 
fome,  is  done  by  fu6tion.  But  to  refute  that  erro¬ 
neous  notion,  let  the  air.  be  pumped  out  of  the 
receiver  AB^  and  then  all  the  quickfilver  in  the 
tube  will  fall  down  by  its  own  weight  into  the  jar  ; 
and  cannot  be  again  raifed  one  hair’s  breadth  in  the 
tube  by  working  the  fyringe  :  which  fiiews  that 
fudlion  had  no  hand  in  raifing  the  quickfilver; 
and,  to  prove  that  it  is  done  by  prefifure,  let  the 
air  into  the  receiver  by  the  cock  k  (Fig.  i.)  and 
its  adtion  upon  the  furface  of  the  quickfilver  in  the 
jar  will  raife  it  up  into  the  tube,  although  the 
pifton  of  the  fyringe  continues  motionlefs.^ — -If 
the  tube  be  about  32  or  33  inches  high,  the  quick- 
filver  will  rife  in  it  very  near  as  high  as  it  ftands  at 
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that  time  in  the  barometer.  And,  if  the  fyringe 
has  a  fmall  hole,  as  near  the  top  of  it,  and 
the  pifton  be  drawn  up  above  that  hole,  the  air 
will  rufli  through  the  hole  into  the  fyringe  and 
tube,  and  the  quickfilver  will  immediately  fall 
down  into  the  jar.  If  this  part  of  the  apparatus 
be  air-tight,  the  quickfilver  may  be  pumped  up 
into  the  tube  to  the  fame  height  that  it  ftands  in 
the  barometer  ;  but  it  will  go  no  higher,  becaufe 
then  the  weight  of  the  column  in  the  tube  is  the 
fame  as  the  weight  of  a  column  of  air  of  the  fame 
thicknefs  with  the  quickfilver,  and  reaching  from 
the  earth  to  the  top  of  the  atmofphere. 

7,  Having  placed  the  jar  with  fome  quick¬ 
filver  in  it,  on  the  pump- plate,  as  in  the  laft  ex¬ 
periment,  cover  it  with  the  receiver  B ;  then  pufh 
the  open  end  of  the  giafs  tube^^  through  the  collar 
of  leathers  in  the  brafs  neck  C  (which  it  fits  fo  as 
to  be  air-tight)  almoft  down  to  the  quickfilver  in 
the  jar.  Then  exhauft  the  air  out  of  the  receiver, 
and  it  will  alfo  come  out  of  the.  tube,  becaufe  the 
tube  is  clofe  at  top.  When  the  gauge  mm  fhews 
that  the  receiver  is  well  exhaufted,  pulh  down  the 
tube,  fo  as  to  immerfe  its  lower  end  into  the  quick¬ 
filver  in  the  jar.  Now,  although  the  tube  be  ex-^ 
haufted  of  air,  none  of  the  quickfilver  will  rife  ' 
into  it,  becaufe  there  is  no  air  left  in  the  receiver 
to  prefs  upon  its  furface  in  the  jar.  But  let  the  air 
into  the  receiver  by  the  cock  and  the  quick¬ 
filver  will  immediately  rife  in  the  tube ;  and  fland 
as  high  in  it,  as  it  was  pumped  up  in  the  laft  ex¬ 
periment, 
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Both  thefe  experiments  fhew,  that  the  quick- 
filver  is  fupported  in  the  barometer  by  the  preflure 
of  the  air  on  its  furface  in  the  box,  in  which  the 
open  end  of  the  tube  is  placed.  And  that  the 
more  denfe  and  heavy  the  air  is,  the  higher  does 
the  quickfiiver  rife  ;  and,  on  the  contrary,  the 
thinner,  and  lighter  the  air  is,  the  more  will  the 
quickfiiver  falL  For,  if  the  handle  F  be  turned 
ever  fo  little,  it  takes  fome  air  out  of  the  receiver, 
by  raifing  one  or  other  of  the  piflions  in  its  barrel 
and  confequently,  that  which  remains  in  the  re¬ 
ceiver  is  fo  much  the  rarer,  and  has  fo  much  the 
iefs  fpring  and  weight ;  and  thereupon,  the  quick- 
filver  falls  a  little  in  the  tube  :  but  upon  turning 
the  cock,  and  fe-admitting  the  air  into  the  re¬ 
ceiver,  it  becomes  as  weighty  as  before,  and  the 
quickfiiver  rifes  again  to  the  fame  height. — Thus 
we  fee  the  reafon  why  the  quickfiiver  in  the  baro¬ 
meter  falls  before  rain  or  fnow,  and  rifes  before 
fair  weather  )  for,  in  the  former  cafe,  the  air  is  too 
thin  and  light  to  bear  up  the  vapours,  and  in  the 
latter,  too  denfe  and  heavy  to  let  them  fall. 

N,B,  In  all  mercurial  experiments  with  the  air- 
pump,  a  Ihort  pipe  mufl:  be  fcrewed  into  the  hole 
fo  as  to  rife  about  an  inch  above  the  plate,  to  pre¬ 
vent  the  quickfiiver  from  getting  into  the  air-pipe 
and  barrels,  in  cafe  any  of  it  fliould  be  accidentally 
fpilt  over  the  jar  :  for  if  it  once  gets  into  the 
pipes  or  barrels,  it  fpoils  them,  by  loofening  the 
folder,  and  corroding  the  brafs. 

8.  Take  the  tube  out  of  the  receiver,  and  put 
one  end  of  a  bit  of  dry  hazel  branch,  about  an 
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inch  long,  tight  into  the  hole,  and  the  other,  end 
tight  into  a  hole  quite  through  the  bottom  of  a 
fmall  wooden  cup  :  then  pour  fome  quickfilver  into 
the  cup,  and  exhauft  the  receiver  of  air,  and  the 
preflure  of  the  outward  air,  on  the  furface  of  the 
quickfilver,  will  force  it  through  the  pores  of  the 
hazel,  from  whence  it  will  defcend  in  a  beautiful 
Ihower  into  a  cup  placed  under  the  receiver  to 
catch  it. 

9,  Put  a  wire  through  the  collar  of  leathers  in 
the  top  of  the  receiver,  and  fix  a  bit  of  dry  wood 
on  the  end  of  the  wire  within  the  receiver ;  then 
exhauft  the  air,  and  pufti  the  wire  down,  fo  as  to 
immerfe  the  wood  into  a  jar  of  quickfilver  on 
the  pump‘plate  ;  this  done,  let  in  the  air,  and 
upon  taking  the  wood  out  of  the  jar,  and 
fplitting  it,  its  pores  will  be  found  full  of  quick¬ 
filver,  which  the  force  of  the  air,  upon  being  let 
into  the  receiver,  drove  into  the  wood. 

Fig.  10.  lol  Join  the  two  brafs  hemifpherical  cups  yf  and 
B  together,  with  a  wet  leather  between  them,  having 
a  hole  in  the  middle  of  it ;  then  fcrew  the  end  D 
of  the  pipe  CD  into  the  plate  of  the  pump  at  /, 
and  turn  the  cock  fo  as  the  pipe  may  be  open  all 
the  way  into  the  cavity  of  the  hemifpheres  :  then 
exhauft  the  air  out  of  them,  and  turn  the  cock  a 
quarter  round,  which  will  ftiut  the  pipe  CZ),  and 
keep  out  the  air.  This  done,  unfcrew  the  pipe  at 
D  from  the  pump  *,  and  fcrew  the  piece  Fb  upon 
it  atjD  ;  and  let  two  ftrong  men  try  to  pull  the  he¬ 
mifpheres  afunder  by  the  rings  ^  and  which  they 
will  find  hard  to  do  :  for  if  the  diameter  of  the 
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hemifpheres  be  four  inches,  they  will  be  prefled  to¬ 
gether  by  the  external  air  with  a  force  equal  to 
i88  pounds.  And  to  fliew  that  it  ,is  the  preflTure 
of  the  air  that  keeps  them  together,  hang  them  by 
cither  of  the  rings  upon  the  hook  P  of  the  wire  in 
the  receiver  M  (f^ig-  i.)  and  upon  exhaufting  the 
air  out  of  the  receiver,  they  will  fall  afunder  of 
themfelves.  ' 

II.  Place  a  fmall  receiver  O  (Fig.  i.)  near  the 
hole  /  on  the  pump-plate,  and  cover  both  it  and 
the  hole  with  the  receiver  Af;  and  turn  the  wire 
fo  by  the  top  P,  that  its  hook  may  take  hold  of 
the  little  receiver  by  a  ring  at  its  top,  allowing 
that  receiver  to  {land  with  its  own  weight  on  the 
plate.  Then,  upon  working  the  pump,  the  air 
will  come  out  of  both  receivers  ;  but  the  large  one 
Af,  will  be  forcibly  held  down  to  the  pump  by  the 
prefTure  of  the  external  air  ^  whilfl:  the  fmall  one 
O,  having  no  air  to  prefs  upon  it,,  will  continue 
lopfe,  and  m,ay  be  drawn  up  and  let  down  at  plea-? 
fure,  by  the  wire  P  P.  But,  upon  letting  it  quite 
down  to  the  plate,  and  admitting  the  air  into  the 
receiver  Af,  b,y  the  cock  the  air  will  prefs  fo 
upon  the  fmall  receiver  0,  as  to  fix  it  down  to  the 
plate  3,  and  at  the  fame  time,  by  counter- balancing 
the  outward  preflTure  on  the  large  receiver  M,  it 
will  become  loofe.  This  experiment  evidently 
fhews,  that  the  receivers  are  held  cjown  by  prcfllire>, 
and  not  by  fusion,  for  the  internal  receiver  continued  j 
loofe  whilfl:  the  operator  was  pumping,  and  the 
external  one  was  held  down  ♦,  but  the  former  became 
fa.ft  immediately  by  letting  in  the  air  upon  it. 
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12.  Screw  the  end  ^  of  the  brafs  pipe  AEP  ^ 
into  the  hole  of  the  pump-plate,  and  turn  the  cock  ^ 
e  until  the  pipe  be  open ;  then  put  a  wet  leather 
upon  the  plate  cd^  which  is  fixed  on  the  pipe,  and  ! 
cover  it  with  the  tall  receiver  GH^  which  is  clofe  \ 
at  top  :  then  exhauft  the  air  out  of  the  receiver,  \ 
and  turn  the  cock  e  to  keep  it  out which  done,  \ 
unfcrew  the  pipe  from  the  pump,  and  fet  its  end  A  ! 
into  a  bafon  of  water,  and  turn  the  cock  e  to  < 
Open  the  pipe  ;  on  which,  as  there  is  no  air  in  ^ 
the  receiver,  the  preffure  of  the  atmofphere  on  the 
water  in  the  bafon  will  drive  the  water  forcibly 
through  the  pipe,  and  make  it  play  up  in  a  jet  to 
the  top  of  the  receiver. 

13.  Set  the  fquare  phial  A  (Fig.  14.)  upon  the 
pump-plate,  and  having  covered  it  with  the  wire 
cage  By  put  a  clofe  receiver  over  if,  and  exhauft 
the  air  out  of  the  receiver  5  in  doing  of  which, 
the  air  will  alfo  make  its  way  out  of  the  phial 
through  a  fmall  hole  in  its  neck  under  the  valve  h. 
When  the  air  is  exhaufted,-  turn  the  cock  below 
the  plate,  to  re-admit  the  air  into  the  receiver  5 
and  as  it  cannot  get  into  the  phial  again,  becaufe 
of  the  valve,  t:he  phial  will  be  broke  in  a  thoufand 
pieces  by  the  preffure  of  the  air  upon  it.  Had  1% 
been  of  a  round  form,  it  would  have  fuftained 
this  preflure  like  an  arch,  without  breaking  j 
but  as  its  fides  are  flat,  it  cannot. 
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fo  Jhew  the  elajlicity  or  fpring  of  the  alr^ 


14.  Tie  up  a  very  fmall  quantity  of  air  in  a 
bladder,  and  put  it  under  a  receiver;  then  exhauft 
the  air  out  of  the  receiver,  and  the  fmall  quantity 
which  is  confined  in  the  bladder  (having  nothing 
to  adt  againft  it)  will  expand  itfelf  fo  by  the  force 
of  its  fpring,  as  to  fill  the  bladder  as  full  as  it 
could  be  blown  of  common  air.  But  upon  letting 
the  air  into  the  receiver  again,  it  will  overpower 
the  air  in  the  bladder,  and  prefs  its  fides  almoft 
clofe  together, 

15.  If  the  bladder  fo  tied  up  be  put  into  a 
wooden  box,  and  have  20  or  30  pounds  weight  of 
lead  put  upon  it  in  the  box,  and  the  box  be  co^ 
vered  with  a  clofe  receiver  ;  upon  exhaufling  the 
air  out  of  the  receiver,  that  air  which  is  confined 
in  the  bladder  will  expand  itfelf  fo,  as  to  raife  up 
all  the  lead  by  the  force  of  its  fpring, 

16.  Take  the  glafs  ball  mentioned  in  the  fifth  Fig.  7* 
experiment,  which  was  left  full  of  water  all  but  a 
fmall  bubble  of  air  at  top,  and  having  fet  it  with 

its  neck  downward  into  the  empty  phial  a  and 
covered  it  with  a  clofe  receiver,  exhauft  the  air  out 
of  the  receiver,  and  the  fmall  bubble  of  air  in  the 
top  of  the  ball  will  expand  itfelf,  fo  as  to  force  all 
the  water  out  of  the  bail  into  the  phial, 

17.  Screw  the  pipe  AB  into  the  pump-plate,  Fig.  u 
place  the  tall  receiver  GH  upon  the  plate  as  in 

the  twelfth  experiment,  and  exhauft  the  air  out  of 
the  receiver  then,  turn  the  cock  e  to  keep  out  the 
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air,  unfcrew  the  pipe  from  the  pump,  and  fcrew  it 
into  tb^  mouth  of  the  copper  veflel  CG  (Fig.  15.) 
the  yeffel  having  firft  been  about  half  filled  witK 
"Water.  Then  turn  the  cock  e  (Fig.  ii.)  and  the 
fpring  of  the  air  which  is  confined  in  the  copper 
,  vcfiel  will  force  the  water  up  through  the  pipe  AB 
in  a  jet  into  the  exhaufted  receiver,  as  ftrongly  as 
it  did  by  its  prefifure  on  the  furface  ofi  the  water  in 
a  bafon,  in  the  twelfth  experiment.* 

j8.  If  a  fpwl,  a  cat,  rat,  moufe,  or  bird,  be 
put  under  a  receiver,  and  the  air  be  exhaufted,  the 
animal  is  at  firft  opprefied  as  with  a  great  weight, 
then  grows  convulfed,  and  at  laft  expires  in  all  the 
agonies  of  a  moft  bitter  and  cruel  death.  But  as 
this  experiment  is  too  Ihocking  to  every  fpedlator 
who  has  the  leaft  degree  of  humanity,  we  fubfti- 
tute  a  machine  called  the  lungs-glafs  in  place  of  the 
animal ;  which,  by  a  bladder  within  it,  ftiews  how 
the  lungs  of  animals  are  contracted  into  a  final! 
compafs  when  the  air  is  taken  out  of  them. 

19.  If  a  butterfiy  be  fufpended  in  a  receiver,  by 
a  fine  thread  tied  to  one  of  its  horns,  it  will  fiy 
about  in  the  receiver,  as  long  as  the  receiver  eon^ 
tinues  full  of  air  ^  but  if  the  air  be  exhaufted, 
though  the  animal  will  not  die,  and  will  continue 
to  flutter  its  wings,  it  cannot  remove  itfelf  from 
the  place  where  it  hangs  in  the  middle  of  the  re¬ 
ceiver,  until  the  air  be  let  in  again,  and  then  the 
animal  will  fly  about  as  before. 

20.  Pour  fome  quickfilver  into  the  fmall  bottle 
yf,  and  fcrew  the  brafs  collar  c  of  the  tube  BC 
into  the  brafs  neck  b  of  the  bottle,  ancj  the  lower 
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end  of  the  tube  will  be  immerfed  into  the  quick- 
filver,  fo  that  the  air  above  the  quickfilver^  in  the 
bottle  will  be  confined  there,  becaufe  it  cannot  get 
out  about  the  joinings,  nor  can  it  be  drawn 
out  through  the  quickfilver  into  the  tube.  This 
tube  is  alfo  open  at  top,  and  is  to  be  covered  with  the 
receiver  G  and  large  tube  E  which  tube  is  fixed 
by  brafs  collars  to  the  receiver,  and  is  clofe  at  the 
top.  This  preparation  being  made,  exhauft  the 
air  both  out  of  the  receiver  and  its  tube  ;  and  the 
air  will  by  the  fame  means  be  exhaufted  out  of  the 
inner  tube  BC^  through  its  open  top  at  C ;  and  as 
the  receiver  and  tubes  are  exhaufting,  the  air  that 
is  confined  in  the  glafs  bottle  A  will  prefs  fo  by  its 
fpring  upon  the  furface  of  the  quickfilver,  as  to  force 
it  up  in  the  inner  tube  as  high  as  it  was  raifed  in 
the  ninth  experiment  by  the  prefTure  of  the  atmo- 
fphere ;  which  demonftrates  that  the  fpring  of  the 
air  is  equivalent  to  its  weight. 

21.  Screw  the  end  C  of  the  pipe  CD  into  theFJg.  13. 
hole  of  the  pump-plate,  and  turn  all  the  three 
cocks  d,  G,  and  //,  fo  as  to  open  the  communi¬ 
cations  between  all  the  three  pipes  F,  DC^  and 
the  hollow  trunk  AB.  Then,  cover  the  plates 
and  h  with  wet  leathers,  which  have  holes  in  their 
middle  where  the  pipes  open  into  the  plates ;  and 
place  the  clofe  receiver  I  upon  the  plate  g:  this 
done,  fhut  the  pipe  F  by  turning  the  cock  i/,  and 
exhauft  the  air  out  of  the  receiver  /.  Then,  turn 
the  cock  d  to  fhut  out  the  air,  unferew  the  machine 
from  the  pump,  and  having  ferewed  it  to  the 
wooden  foot  L,  put  the  receiver  K  upon  the  plate 
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b  ;  this  receiver  will  continue  loore  on  the  plate  as 
long  as  it  keeps  full  of  air ;  which  it  will  do  until 
the  cock  H  be  turned  to  open  the  communication 
between  the  pipes  Fand  G,  through  the  trunk  AB  ; 
and  then  the  air  in  the  receiver  having  nothing 
to  adl  again  ft  its  fpring,  will  run  from  K  into  7, 
until  it  be  fo  divided  between  thefe  receivers,  as  to 
be  of  equal  denfity  in  both  *,  and  then  they  will 
be  held  down  with  equal  forces  to  their  plates  by 
the  prefture  of  the  atmofphere  *,  though  each  re-- 
ceiver  will  then  be  kept  down  but  with  one  half  of 
prefture  upon  it,  that  the  receiver  J  had,  when  it 
was  exhaufted  of  air ;  becaufe  it  has  now  one  half 
of  the  common  air  in  it  which  filled  the  receiver 
K  when  it  was  fet  upon  the  plate  ;  and  therefore,  a 
for€€  equal  to  half  the  force  of  the  fpring  of  com¬ 
mon  air,  will  a<5l  within  the  receivers  againft  the 
whole  preftTure  of  the  common  air  upon  their  out- 
fides.  This  is  called  transferring  the  air  out 
of  one  veftTel  into  another, 

fjg,  14.  22.  Put  a  cork  into  the  fquare  phial  A^  and  fix 

it  in  with  wax  or  cement;  put  the  phial  upon  the 
pump-plate,  with  the  wire  cage  B  over  it,  and  co¬ 
ver  the  cage  with  a  clofe  receiver.  Then,  exhauft 
the  air  out  of  the  receiver,  and  the  air  that  was 
corked  up  in  the  phial  will,  by  the  force  of  its 
fpring,  break  the  phial  outwards,  becaufe  there  is 
no  air  left  on  the  outfide  of  the  phial  to  aft  againft 
the  air  within  it. 

22.  Put  a  fhrivelled  apple  under  a  clofe  receiver, 
and  exhauft  the  air;  then  the  fpring  of  the  air 
within  the  apple  will  plump  it  out,  fo  as  to  caufe  all 
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the  wrinkles  difappear ;  but  upon  letting  the  air 
into  the  receiver  again^  to  prefs  upon  the  apple, 
it  will  inftantly  return  to  its  former  decayed  and 
fhrivelled  ftate. 

23.  Take  a  frefh  egg,  and  cut  off  a  little  of 
the  (hell  and  film  from  its  fmalleft  end,  then  put 
the  egg  under  a  receiver,  and  pumpout  the  air; 
upon  which,  all  the  contents  in  the  egg  will  be 
forced  out  into  the  receiver,  by  the  expanfion  of  a 
fmall  bubble  of  air  contained  in  the  great  end,  be¬ 
tween  the  fhell  and  film. 

24.  Put  fome  warm  beer  in  a  glafs,  and  having 
fet  it  on  the  pump,  cover  it  with  a  clofe  receiver, 
and  then  exhauft  the  air.  Whilfl:  this  is  doing, 
and  thereby  the  prefilire  more  and  more  taken  off 
from  the  beer  in  the  glafs,  the  air  therein  will  ex¬ 
pand  itfelf,  and  rife  up  in  innumerable  bubbles  to 
the  furface  of  the  beer ;  and  from  thence  it  is 
taken  away  with  the  other  air  in  the  receiver. 
When  the  receiver  is  near  exhaufted,  the  air  in  the 
beer,  which  could  not  difentahgle  itfelf  quick 
enough  to  get  off  with  the  reft,  will  now  expand 

"  itfelf  fo,  as  to  caufe  the  beer  to  have  all  the  ap-? 
pearance  of  boiling  ;  and  the  greater  part  of  it 
will  go  over  the  glafs. 

25.  Put  fome  warm  water  in  a  glafs,  and  put  a 
bit  of  dry  wainfcot  or  other  wood  into  the  water. 
Then,  cover  the  glafs  with  a  receiver,  and  exhauft 
the  air  ;  upon  which,  the  air  in  the  wood  having 
liberty  to  expand  itfelf,  will  come  out  plentifully, 
and  make  all  the  water  to  bubble  about  the  wood, 
efpecially  about  the  en^s,  hecaufe  the  pores  lie 
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lengthwife.  A  cubic  inch  of  dry  wainfcot  has 
fo  much  air  in  it,  that  it  will  continue  bubbling 
for  near  half  an  hour  together. 

Mifcellaneous  experiments. 

25.  Screw  the  fyringe  H  (Fig.  8.)  to  a  piece  of 
lead  that  weighs  one  pound  at  leaft  ;  and,  holding 
the  lead  in  one  hand,  pull  up  the  pifton  in  the  fy¬ 
ringe  with  the  other  *,  then,  quitting  hold  of  the 
lead,  the  air  will  pulh  it  upward,  and  drive  back 
the  fyringe  upon  the  pifton.  The  reafon  of  this 
is,  that  the  drawing  up  of  the  pifton  made  a  va¬ 
cuum  in  the  fyringe,  and  the  air,  which  prelfes 
every  way  equally,  having  nothing  to  refill  its  pref- 
fure  'upward,  the  lead  and  fyringe  were  prefled  up, 
contrary  to  their  natural  tendency  by  gravity. 
If  the  fyringe  fo  loaded,  be  hung  in  a  receiver, 
and  the  air  be  exhaufted,  the  fyringe  and  lead  will 
defcend  upon  the  pifton-rod  by  their  natural  gra^ 
vity  ;  and,  upon  admitting  the  air  into  the  re-.- 
ceiver,  they  will  be  drove  upward  again,  until  the 
pifton  be  at  the  very  bottom  of  the  fyringe. 

26.  Let  a  large  piece  of  cork  be  fufpended  by 
a  thread  at  one  end  of  a  balance,  and  counter- 
poifed  by  a  leaden  weight,  fufpended  in  the  fame 
manner,  at  the  other.  Let  this  balance  be  hung 
to  the  inflde  of  the  top  of  a  large  receiver ;  which 
being  fet  on  the  pump,  and  the  air  exhaufted,  the 
cork  will  preponderate,  and  ftiew  itfelf  to  be  hea^ 
vier  than  the  lead  ;  but  upon  letting  in  the  air 
again,  the  equilibrium  will  he  reftored.  The  reafon 
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of  this  is,  that  fmce  the  air  is  a  fluid,  and  all 
bodies  lofe  as  much  of  their  abfolute  weight  in  it, 
as  is  equal  to  the  weight  of  their  bulk  of  the  fluid, 
the  cork  being  the  larger  body,  lofes  more  of  its 
real  weight  than  the  lead  does ;  and  therefore  mufl: 
in  fadl  be  heavier,  to  balance  it  under  the  difad- 
vantage  of  lofing  fome  of  its  weight :  which  dif- 
advantage  being  taken  off  by  removing  the  air, 
the  bodies  then  gravitate  according  to  their  real 
quantities  of  matter,  and  the  cork,  which  balanced 
the  lead  in  air,  fliews  itfelf  to  be  heavier  when  in 
vacuo. 

27.  Set  a  lighted  candle  upon  the  pump,  and 
cover  it  with  a  tall  receiver.  If  the  receiver  holds 
a  gallon,  the  candle  will  burn  a  minute,  and  then, 
after  having  gradually  decayed  from  the  firfl:  in- 
ftant,  it  will  go  out:  which  (hews,  that  a  conftant 
fupply  of  frelh  air  is  necelTary  to  feed  flame ;  and 
fo  it  alfo  is  for  animal  life.  For  a  bird  kept  under 
a  'clofe  receiver  will  foon  die,  although  no  air  be 
pumped  out  *,  and  it  is  found  that  a  gallon  of  air 
is  fufficient  only  for  one  minute  for  a  man  to  breathe 
in. 

The  moment  that  the  candle  goes  out,  the  fmoke 
will  be  feen  to  afcend  to  the  top  of  the  receiver, 
and  there  it  will  form  a  fort  of  cloud :  but  upon 
cxhaufting  the  air,  the  fmoke  will  fall  down  to 
the  bottom  of  the  receiver,  and  leave  it  as  clear  at 
top  as  it  was  before  it  was  fet  upon  the  pump.  This 
fliews,  that  fmoke  does  not  afcend  on  account  of 
its  being  pofitively  light,  but  becaufe  it  is  lighter 
than  air  5  and  its  falling  to  the  bottom  when  the 
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air  was  taken  away,  fhews,  that  it  is  not  deflitutc 
of  weight.  So  moil  forts  of  wood  afcend  or  fwim 
in  water ;  and  yet  there  are  none  who  doubt  of  the 
wood’s  having  gravity  or  weight. 

28.  Set  a  receiver,  which  is  open  at  top,  upon 
the  air-pump,  and  cover  it  with  a  brafs-plate,  and 
wet  leather ;  and  having  exhaufted  it  of  air,  let 
the  air  in  again  at  top  through  an  iron  pipe,  making 
it  pafs  through  a  charcoal  flame  at  the  end  of  the 
pipe  ;  and  when  the  receiver  is  full  of  that  air, 
lift  up  the  cover  and  letdown  a  moufe  or  bird  into 
the  receiver,  and  the  burnt  air  will  immediately  kill 
it.  If  a  candle  be  let  down  into  the  air,  it  will 
go  out  dire<5tly,  but  will  purify  the  air  fo  far  as  it 
was  let  down  ;  and  fo,  by  lighting  it  and  letting  it 
dow'n  over  and  over  again,  all  the  air  in  the  re¬ 
ceiver  will  be  purified. 

29.  Set  a  bell  upon  a  cufliion  on  the  pump- 
plate,  and  cover  it  with  a  receiver  •,  then  fliake 
the  pump  to  make  the  clapper  ftrike  againft  the 
bell,  and  the  found  will  be  very  well  heard  :  but, 
exhauft  the  receiver  of  air,  and  then,  if  the  clap¬ 
per  be  made  to  ftrike  ever  fo  hard  againft  the  bell, 
it  will  make  no  found  at  all  ;  which  /hews,  that 
air  is  abfolutely  neceflary  for  the  propagation  of 
found. 

30.  Let  a  candle  be  placed  on  one  fide  of  a  re¬ 
ceiver,  and  viewed  through  the  receiver  at  fome 
diftance  ;  then,  as  foon  as  the  air  begins  to  be  ex- 
haufted,  the  receiver  will  be  filled  with  vapours 
which  rife  from  the  wet  leather,  by  the  fpring  of 
the  air  in  it  5  and  the  light  of  the  candle  being 
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refrafled  through  that  medium  of  vapours^  will 
have  the  appearance  of  circles  of  various  colours, 
fuch  as  are  feen  about  the  moon  in  a  hazy  air  at 
night. 

The  air-pump  was  invented  by  Otho  Guerick  of 
Magdeburg^  but  was  much  improved  by  Mr. 
Boyk^  to  whom  we  are  indebted  for  our  greateft 
part  of  the  knowledge  of  the  wonderful  properties 
of  the  air,  demonftrated  in  the  above  experi¬ 
ments. 

The  elaftic  air  which  is  contained  in  many  bo¬ 
dies,  and  is  kept  in  them  by  the  weight  of  the  at- 
mofphere,  may  be  got  out  of  them  either  by  boil¬ 
ing,  or  by  the  air-pump,  as  fhewn  in  the  25th  ex¬ 
periment  :  but  the  fixed  air,  which  is  by  muck 
the  greater  quantity,  cannot  be  got  out  but  by 
diftillation,  fermentation,  or  putrefadtion. 

If  fixed  air  did  not  come  out  of  bodies  with 
difficulty,  and  fpend  fome  time  in  extricating  itfelf 
from  them,  it  would  tear  them  to-pieces.  -  Trees 
would  be  rent  by  the  change  of  air  from  a  fixt  to 
an  elaftic  ftate,  and  animals  would  be  burft  ia 
pieces  by  the  explofion  of  air  in  their  food. 

Dr.  Hales  found  by  experiment,  that  the  air  in 
apples  is  fo  much  condenfed,  that  if  it  were  let  out 
into  the  common  air,  it  would  fill  a  fpace  48 
times  as  great  as  the  bulk  of  the  apples  themfelves : 
fo  that  its  prefiTure  outwards  was  equal  to  11776  lb. 
and,  in  a  cubic  inch  of  oak  to  19860  lb.  againft 
its  fides.  So  that  if  the  air  was  let  loofe  at  once  in 
theft  fubftances,  they  would  tear  every  thing  to- 

pieces 


2o3 


.  Of  pneumatics 

pieces  about  them  with  a  force  much  fuperior  to 
gunpowder.  Hence,  in  eating  apples,  it  is  well 
that  they  part  with  the  air  by  degrees,  as  they 
ferment  in  the  ftomach,  otherwife,  an  apple  would 
be  immediate  death  to  him  who  eats  it. 

The  mixing  of  fome  fubftances  with  others 
will  rcleafe  the  air  from  them,  all  of  a  fudden, 
which  may  be  attended  with  very  great  danger.  Of 
this  we  have  a  remarkable  inftance  in  an  experi¬ 
ment  made  by  Dr.  Stare  %  who  having  put  half  a 
dram  of  oil  of  carraway-feed  into  one  glafs,'  and 
a  dram  of  compound  fpirit  of  nitre  in  another, 
covered  them  both  on  the  air-pump  with  a  receiver 
fix  inches  wide,  and  eight  inches  deep,  and  then 
cxhaulled  the  air,  and  continued  pumping  un¬ 
til'  all  that  could  poflibly  be  got  both  out  of  the 
receiver,  and  out  of  the  two  fluids,  was  extricated  : 
then,  by  a  particular  contrivance  from  the  top  of 
the  receiver,  he  mixed  the  fluids  together  ;  upon 
which,  they  produced  fuch  a  prodigious  quantity 
of  air,  as  inftantly  blew  up  the  receiver  ;  although 
k  was  prefled  down  by  the  atmolphere  with  up¬ 
wards  of  400  pound  weight* 
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L  E  C  T.  VIIL 
Of  optics, 

T  I  G  H  T  confifts  of  an  inconceivably  grea.fe 
-■ — number  of  particles  flowing  from  a  luminous 
body  in  all  manner  of  diredtions  *,  and  thefe  parti¬ 
cles  are  fo  fmall  as  to  furpafs  all  human  compre- 
henfion. 

That  the  number  of  particles  of  light  is  incon¬ 
ceivably  great,  appears  from  hence,  that  if  a 
candle  be  lighted,  and  there  be  no  obflacle  in  the 
Way  to  obftrudt  the  palTage  of  its  rays,  it  will  fill 
all  the  fpace  within  two  miles  of  it  every  way  with 
luminous  particles,  before  it  has  loft  the  leaft  fenfi- 
ble  part  of  its  fubftance. 

A  ray  of  light  is  a  continued  ftream  of  thefe 
.particles,  flowing  from  any  vifible  body  in  a 
ftraight  line  :  and  that  the  particles  themfelves  are 
incomprehenfibly  fmall,  appears  from  the  followi^ig 
experiment.  Make  a  fmall  pin-hole  in  a  piece  of 
black  paper,  and  hold  the  paper  upright  on  a  table 
facing  a  row  of  candles  ftanding  by  one  another  ; 

.then  place  a  fheet  of  pafteboard  at  a  little  diftance 
behind  the  paper  ;  and''  feme  of  the  rays  which 
flow  from  all  the  candles  through  the  hole  in  the 
paper,  will  form  as  many  fpecks  of  light  on  the 
pafteboard  as  there  are  candles  on  the  table  before  The  aina- 
the  plate  :  each  fpeck  being  as  diftindl  and  of 

as  if  there  was  only  one  fpeck  from  one  Angle  panicles  of 
candle ;  which  Ihews,  that  the  particles  of  light 
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exceedingly  fmall,  otberwife  they  could  not  pali 
through  the  hole  from  fo  many  different  candles 
without  confufion. — Dr.  Niewenlyt  has  computed, 
that  there  flows  more  than  6,000,000,000,000 
times  as  many  paiticles  of  light  from  a  candle  in 
one  fecond  of  time,  as  there  are  grains  of  fand  in 
the  whole  earth  5  fuppofing  each  cubic  inch  of  it 
to  contain  1,000,000, 

Thefe  particles,  by  falling  diredfly  upon  our 
eyes,  excite  in  our  minds  the  idea  of  light.  And 
•when  they  fall  upon  bodies,  and  are  thereby  re- 
fieded  to  our  eyes,  they  excite  in  us  the  ideas  of 
thefe  bodies.  And  as  every  point  of  a  vifibl'e 
body  refledfs  the  rays  of  light  in  all  manner  of  di- 
redlions,  every  point  will  be  vifible  in  every  part  to 
which  the  light  is  refledled  from  k.  Thus  the 
objedt  ABC  h  vifible  to  an  eye  in  any  part  where 
the  rays  Aa^  Ab^  Ac^  Ad^  Ae^  Bay  Bby  Bcy  Bdy 
Be,  and  Cay  CbyCcy  Cdy  Ccy  come.  Here  we  have 
fhewn  the  rays  as  if  they  were  only  reflected  from 
the  ends  A  and  By  and  the  middle  point  C  of  the 
objedl  ;  every  other  point  being  fuppofed  to  refledf 
rays  in  the  fame  manner.  So  that,  wherever  a 
fpedlator  is  placed  with  regard  to  the  body,  every 
point  of  that  part  of  the  furface  which  is  towards 
him  will  be  vifible,  when  no  intervening  objedf 
flops  the  paffage  of  the  light. 

Since  no  objedl  can  be  feen  through  the  bore  of  ' 
a  bended  pipe,  it  is  evident  that  the  rays  of  light 
move  in  ftraight  lines,  whilft  there  is  nothing  to 
refradt  or  turn  them  out  of  their  redlilineal  courfe. 
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Whiifl;  the  rays  of  light  continue  In  any  ^  me¬ 
dium  of  an  uniform  denfity,  they  are  ftraight  *,  but 
when  they  pafs  obliquely  out  of  one  medium  into 
another,  which  is  either  more  denfe  or  more  rare, 
they  are  refradled  towards  the  denfer  medium  :  and 
this  refradtion  is  more  or  lefs,  as  the  rays  fall  more 
or  lefs  obliquely  on  the  refradting  furface  of  the 
medium. 

To  prove  this  by  experiment,  fet  the  empty  vef- 
fel  ABCD  into  any  place  where  the  fun  fhines 
obliquely,  and  obferve  the  part  where  the  fliadow  Fig.  2. 
of  the  edge  BC  falls  on  the  bottom  of  the  velTel 
at  £ ;  then  fill  the  vefifel  with  water,  and  the  Refraaesi 
fhadow  will  reach  no  farther  than  e  ;  which  fhews, 
that  the  ray  a  B  E  which  came  flraight  in  the  open 
air,  juft  over  the  edge  of  the  vefiel  at  B  to  its 
bottom  at  is  refradled  by  falling  obliquely  on 
the  furface  of  the  water  at  B  ;  and  inftead  of  go¬ 
ing  on  in  the  redlilineal  diredfion  ABE^  it  is  beni; 
downward  in  the  water  ffom  B  10  e  \  the  whole 
bend  being  at  the  furface  of  the  water  :  and  fo  of 
all  tire- other  rays  a  be. 

If  a  ftick  be  laid  over  the  vefieJ,  and  the  fun’s 
rays  be  refledled  from  a  glafs  perpendicularly  into 
the  vefiel,  the  fhadow  of  the  ftick  will  fall  upon 
the  fame  part  of  the  bottom,  whether  the  vefifel  be 
empty  or  full  ;  which  fhews,  that  the  rays  of 
light  are  not  refradled  when  they  fall  perpendicu¬ 
larly  on  the  furface  of  any  medium. 

\ 

*  Any  thing  through  which  the  rays  of  light  can  pafs  is  called 
a  medium  j  as  air,  water,  glafs,  diamond,  or  even  a  vacuum, 
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The  rays  of  light  are  as  much  refradled  by 
pafTing  out  of  water  into  air,  as  by  pafling  out  of 
air  into  water.  Thus,  if  a  ray  of  light  flows 
\  '  from  the  point  under  water,  in  the  diredlion 
e  B  *,  when  it  comes  to  the  furface  of  the  water  at 
B-i  it  will  not  go  on  thence  in  the  redlilineal  courfe 
B  dy  but  will  be  refracted  into  the  line  Ba. 
Therefore, 


/ 


To  an  eye  at  e  looking  through  a  plane  glafs  in 
the  Bottom  of  the  empty  veflel,  the  point  a  cannot 
be  feen,  becaufe  the  fide  Bco{  the  veflTel  inter- 
pofes  *,  and  the  point  d  will  juft  be  feen  over  the 
edge  of  the  veflel  at  B.  But  if  the  veflel  be  fille'd 
with  water,  the  point  a  will  be  feen  from  e  \  and 
will  appear  as  at  d^  elevated  in  the  direftion  of  the 
ray  eb"^. 


The  time  of  fun-rifing  or  fetring,  fuppoflng  its 
The  days  rays  fuflered  no  refradlion,  is  ealily  found  by  cal- 
CLiIation.  But  obfervation  proves  that  the  fun 
therefrac-  j-jfes  foonety  and  fets  later  every  day  than  the  cal- 

tion  the  ,  ,  -  ri-i*  i-r 

f'lm’s  rays,  culated  time  ^  the  realon  or  which  is  plain  irom 
what  w^as  faid  immediately  above.  For,  though 
the  fan’s  rays-  do  not  come  part  of  their  way  to  us 
'  ^  through  water,  yet  they  do  through  the  air  or  at- 
mofphere,  which  being  a  grofler  medium  than  the 
free  fpace  between  the  fun  and  the  top  of  the  at- 


*  Hence  a  piece  of  money  lying  at  c,  in  the  bottom,  of  an 
empty  veilel,  cannot  be  feen  by  an  eye  at  <2,  becaufe  the  edge  of 
the  veffcl  intervenes ;  but  let  the  veffei  be  filled  with  water,  and 
the  ray  eb  being  then  refraded  at  B,  will  drike  the  eyeat<?,  and 
fo  render  the  money  vifible,  wh'ch  will  appear  as  if  it  were 
raifed  up  in  the  line  aB/, 


mofphercj 


Of  optics.  213 

mofphere,  the  rays,  by  entering  obliquely  into  the 
atmofphere  are  there  refradled,  and  thence  bent 
down  to  the  earth.  And  although  there  are  many 
places  of  the  earth  to  which  the  fun  is  vertical  at 
noon^  and  confequently  his  rays  can  fuffer  no  re- 
fraAion  at  that  time,  becaufe  they  come  perpendi¬ 
cularly  through  the  atmofphere  ;  yet  there  is  no 
place  to  which  the  fun’s  rays  do  not  fall  obliquely 
on  the  top  of  the  atmofphere,  at  his  rifing  and 
fetting  and  confequently,  no  clear  day  in  which 
the  fun  will  not  be  vifible  before  he  ’rifes  in  the 
horizon,  and  after  he  fets  in  it :  and  the  longer  or 
fborter,  as  the  atmofphere  is  more  or  lefs  replete 
with  vapours.  For,  \tX.ABC  be  part  of  the  earth’s^ig. 
furface,  BEF  the  atmofphere  that  covers  it,  and 
EBGH  the  horizon  of  an  obferver  at  B.  As 
every  point  of  the  fun’s  furfacc  fends  out  rays  of  ' 
light  in  all  manner  of  directions,  fome  of  his  rays 
will  conflantly  fall  upon,  and  enlighten,  one  half 
of  our  atmofphere ;  and  therefore,  when  the  fun 
is  at  /,  below  the  horizon  f/,  thofe  rays  which  go 
on  in  the  free  fpace  IkK  preferve  a  reCtilineal 
courfe  until  they  fall  upon  the  top  of  the  atmo¬ 
fphere  j  and  thofe  which  fall  fo  about  if,  are  re- 
fraCted  at  their  entrance  into  the  atmofphere,  and 
bent  down  in  the  line  KeB^  to  the  obferver’s  place 
at  B :  and  therefore,  the  fun  will  appear  at  L,  in 
the  direction  of  the  ray  BeK^  above  the  Jiorizon 
BGH^  when  he  is  really  below  it  at  /. 

The  angle  contained  between  a  ray  of  light, 
and  a  perpendicular  to  the  i^efraCting  furface,  is 
called  the  angle  of  incidence and  the  angle  con- Angk  of  m* 
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tained  between  the  fame  perpendicular,  and  the 
fame  ray  after  refradion,  is  called  the  angle  of  re^ 
frafiion.  Thus,  let  LBM  be  the  refrading  fur- 
face  of  a  medium  (fuppofe  water)  and  ABC  ^  per¬ 
pendicular  to  that  furface  *,  let  Z)j5  be  a  ray  of 
light,  going  out  of  air  into  water  at  J5,  and  therein 
refraded  in  the  line  BH\  the  angle  ABD^  is  the 
anp-le  of  incidence,  of  which  D F  is  the  fine-,  and 
the  angle  KBH^  is  the  angle  of  refradion,  whofe 
fine  is  KI. 

When  the  refrading  medium  is  water,  the  fine 
of  the  ansle  of  incidence  is  to  the  fine  of  the  an- 
gle  of  refradion,  as  4  to  3  j  which  is  confirmed 
by  the  following  experiment,  taken  from  Dodor 
SMITH’S  optics. 

Defcribe  the  circle  DA  EC  on  a  plane  fquare 
board,  and  crofs  it  at  right  angles  with  the  flraight 
lines  ABC^  and  LBM-,  then,  from  the  inter- 
fedion  yf,  with  any  opening  of  the  compaffes,  fet 
off  the  eaual  arcs  AD  and  A E,  and  draw  the 

1  * 

ri'Siht  line  :  then,  taking  Fa.  which  is  three 

quarters  of  the  length  FE^  from  the  point 
draw  al  parallel  to  ABK^  and  join  KI,  parallel 
to  BM :  (o  KI  will  be  equal  to  three  quarters  of 
FE  or  of  DF.  1  his  done,  fix  the  board  upright 
upon  the  leaden  pedeftal  0,  and  hick  three  pins 
perpendicularly  into  the  board,  at  the  points  D,  5, 
and  I :  then  fet  the  board  upright  into  the  veffel 
FUV,  and  fill  up  the  veffel  with  water  to  the  line 
LBM.  When  the  water  has  fettled,  look  along 
the  line  D B,  fo  as  you  may  fee  the  head  of  the 
pin  B  over  the  head  of  the  pin  D  j  and  the  pin  I 

will 
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'Will  appear  in  the  fame  right  line  produced  to 
for  its  head  will  be  feen  jufl  over  the  head  of  the 
pin  at'  B  :  which  fliews,  that  the  ray  IB^  coming 
from  the  pin  at  /,  is  fo  refracted  at  as  to  pro¬ 
ceed  from  thence  in  the  line  BD  to  the  eye  of  the 
obferver  the  fame  as  it  would  do  from  any  point 
G  in  the  right  line  D  5  G,  if  there  were  no  water 
in  the  vefTel  :  and  alfo  fhews,  that  KB  the  fine  of 
refradlion  in  water,  is  to  DF,  the  fine  of  inci¬ 
dence  in  air,  as  3  to  4 

Hence,  if  DBH  were  a  crooked  flick  put  ob¬ 
liquely  into  the  water,  it  would  appear  a  llraight 
one,  as  DBG,  Therefore,  as  the  line  BH  appears 
at  FG,  fo  the  line  BG  will  appear  at  Bg  ;  and  con- 
fequently,  a  flraight  flick  FFG  put  obliquely  into 
water,  will  feem  bent  at  the  furface  of  the  water  in 
F,  and  crooked  as  DBg. 

When  a  ray  of  light  palTes  out  of  air  into  glafs, 
the  fine  of  incidence  is  to  the  fine  of  refradlion,  as 
3  to  2 ;  and  when  out  of  air  into  a  diamond,  as 
5  to  2. 

Glafs  may  be  ground  into  eight  different  fhapes 
at  ieaft,  for  optical  purpofes,  viz. 

1.  A  plane-glafs,,  which  is  fiat  on  both  fides.  Fig.  5., 
and  of  equal  thicknefs  in  all  its  parts,  as  A. 

2.  A  plano’ convex y  which  is  flat  on  one  fide  and 
convex  on  the  other,  as  F. 

3.  A  douhk’ convex^  which  is  convex  on  both 
fides,  as  G. 

*  This  is  ftriclly  true  of  the  red  rays  only,  for  the  other  co¬ 
loured  rays  are  differently  refraded  ;  but  the  difference  is  fo 
IsnalJ,  that  it  need  not  be  confidered  in  this  place, 

P  4  4.  A 


^  1 6  Of  optics. 

Lenfes.  4.  A  plano-concave^  which  is  flat  on  one  fide 
and  concave  on  the  other,  as  t). 

5.  A  double-concave^  which  is  concave  on  both 
fides,  as  E. 

6.  A  mercifcus^  which  is  concave  on  one  fide 
and  convex  on  the  other,  as  F. 

7.  A  flat-plano-conveXj  whofe  convex  fide  is 
ground  into  feveral  little  flat  furfaces,  as  G. 

8.  Afrifm^  which  has  three  flat  fides,  and  when 
viewed  endwife,  appears  like  an  equilateral  triangle, 
as  H. 

Glaflfes  ground  into  any  of  the  above  fliapes 
CyJ)^E-,F^  are  generally  called  knfes. 

A  right  line  L/X,  going  perpendicularly  through 
the  middle  of  a  lens,  is  called  the  axis  of  the  lens. 

Fig-  '  A  ray  of  light  Gi?,  falling  perpendicularly  on  a 
plain  glafs  EF.  will  pafs  through  the  glafs  in  the 
_fame  diredlion  hi^  and  go  out  of  it  into  the  air  in 
the  fame  right  courfe  i  H, 

A  ray  of  light  AB^  falling  obliqOely  on  a  plain 
glafs,  will  go  out  of  the  glafs  in  the  fame  diredtion, 
^  but  not  in  the  fame  right  line  ;  for  in  touching  the 
glafs,  it  will  be  refradled  in  the  line  JC,  and  in 
leaving  the  glafs,  it  will  be  refradled  in  the  line  CD. 

A  ray  of  light  CD,  falling  obliquely  on  the 
middle  of  a  convex  glafs,  will  go  forward  in  the 
fame  direction  DD,  as  if  it  had  fallen  with  the 
fame  degree  of  obliquity  on  a  plane  glafs*,  and 
Vvill  go  out  of  the  glafs  in  the  fame  diredlion  with 
which  it  entered  :  for  it  will  be  equally  refradled 
at  the  points  D  and  £,  as  if  it  had  paflfed  through 
a  plane  furface.  But  tke  rays  CG  and  Qf  will 
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be  fo  refrafled,  as  to  meet  again  at  the  point  F, 
Therefore,  all  the  rays  which  flow  from  the  point 
C,  fo  as  to  touch  the  glafs,  will  meet  again  at  T; 
and  if  they  go  farther  onward,  as  to  L,  they  crofs 
at  F,  and  go  forward  on  the  oppofite  fides  of  the 
middle  ray  CDE  to  what  they  were  in  approach¬ 
ing  it  in  the  direcTtions  HF  and  KF.  r 

When  parallel  rays,  fall  directly  upon  Fig.  g, 

a  plano-convex  glafs  DF,  and  pafs  through  it, 
they  will  be  fo  refradfed,  as  to  unite  in  a  point /different 
behind  it ;  and  this  point  is  Called  the  principal 
focus  •,  the  diftance  of  which,  from  the  middle  of 
the  glafs,  is  called  the  focal  diftance  \  which  is  equal 
to  twice  the  radius  of  the  fphere  of  the  glafs’s  con¬ 
vexity.  And, 

When  parallel  rays,  as  ABC^  fall  diredly  upon  Fig.  5. 
a  glafs  DF,  which  is  equally  convex  on  both  fides,' 
and  pafs  through  it;  they  will  be  fo  refraded,  as' 
to  meet  in  a  point  or  principal  focus  /,  whofe  di- 
flance  is  equal  to  the  radius  or  femidiameter  of 
the  fphere  of  the  glafs’s  convexity.  But,  if  a 
glafs  be  more  convex  on  one  fide  than  on  the 
other,  the  rule  for  finding  the  focal  diftance  is  this ; 
as  the  fum  of  the  femidiameters  of  both  con¬ 
vexities  is  to  the  femidiameter  of  either,  fo  is  dou¬ 
ble  the  femidiameter  of  the  other  to  the  diftance 
of  the  focus.  Or,  divide  the  double  produ6t  of  1 
the  radii  by  their  fum,  and  the  quotient  will  be 
the  diftance  fought. 

Since  all  thofe  rays  of  the  fun  which  pafs  through  • 
a  convex  glafs  are  colleded  together  in  its  focus, 
the  force  of  ^11  their  h^ac  is  collefted  into  that 
..  part  s 
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part  I  and  is  in  proportion  to  the  common  heat  of’ 
the  fun,  as  the  area  of  the  glafs  is  to  the  area  of 
the  focus.  Hence  we  fee  the  reafon  why  a  convex 
glafs  caiifes  the  fun’s  rays  to  burn,  after  pafTing 
through  it.  - 

Ali  thefe  rays  crofs  the  middle  ray  in  the  focus 
f  and  then  diverge  from  it  in  the  fame  manner 
i^G,  as  they  converged  in  the  fpace  DfE  in 
.  coming  to  it. 

If  another  glafs  FG,  of  the  fame  convexity  as 
I)£,  be  placed  in  the  rays  at  the  fame  diftance 
from  the  focus,  it  will  refradf  them  fo,  as  that 
after  going  out  of  it,  they  will  be  all  parallel,  as 
;  and  go  on  in  the  fame  manner  as  they  came 
tothefiril  glafs  DE^  through  the  fpace  but 

on  the  contrary  fides  of  the  middle  ray  Bfb :  for 
the  ray  ADf  will  go  on  from  f  in  the  diredfion 
/G^,  and  the  rayC£/  in  the  diredtion  fEc',  and 
fo  of  the  re  If.  ♦ 

The  rays  diverge  from  any  radiant  point,  as 
from  a  principal  focus  :  theretore,  if  a  candle  be 
placed  at/,  in  the  focus  of  the  convex  glafs  TG, 
the  diverging  rays  in  the  fpace  i'/G,  will  be  fo  re- 
fradled  by  the  glafs,  as,  that  after  going  out  of  it, 
they  will  ali  become  parallel,  as  fhewn  in  the  fpace 
cba. 

If  the  candle  be  placed  nearer  the  glafs  than  its 
focal  diftance,  the  rays  will  diverge  after  paffing 
through  the  glafs,  more  or  lefs,  as  the  candle  is 
more  or  lefs  diftant  from  the  focus. 

If  the  candle  be  placed  farther  from  the  glafs 
than  its  focal  diftance,  the  rays  will  converge  alter 
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paffing  through  the  glafs,  and  meet  in  a  point, 
which  will  be  more  or  lefs  diftant  trom  the  glafs. 
as  the  candle  is  nearer  to,  or  farther  from,  its  fo¬ 
cus  :  and  where  the  rays  lueet,  they  will  form  an 
inverted  image  of  the  flame  of  the  candle  ;  which 
may  be  feen  on  a  paper  placed  in  the  meeting  of 
the  rays. 

Hence,  if  any  objedl  ABc^  be  placed  beyond  Plate  Xvi. 
the  focus  F,  of  the  convex  glafs  def  fome  of 
rays  which  flow  from  every  point  of  the  objedl, 
on  the  fide  next  the  glafs,  will  fall  upon  it,  and 
after  pafiing  through  it,  they  will  be  converged 
into  as  many  points  on  the  oppofite  fide  of  the 
glafs,  where  the  image  of  every  point  will  be 
formed  ;  and  confequently,  the  image  of  the  whole 
objedt,  which  will  be  inverted.  Thus,  the  rays 
Ad^  Al\  Af  flowing  from  the  point  yf,  will  con¬ 
verge  in  the  fpace  daf  and  by  meeting  at  will  . 
there  form  the  image  of  the  point  A.  The  rays 
Fr/,  Be^  Bf  flowing  from  the  point  B,  will  be 
united  at  b  by  the  refradtion  of  the  glafs,  and  will 
there  form  the  image  of  the  point  B.  And  the 
rays  Cr/,  Ci?,  Cf^  flowing  from  the  point  C,  will 
be  united  at  r,  where  they  will  form  the  image  of 
the  point  C.  And  fo  of  all  the  other  intermediate 
points  between  A  and  C.  The  rays  which  flow 
from  every  particular  point  of  the  obje^fl:,  and  are 
united  again  by  the  glafs,  are  called  a  pencil  of 
rays,  " 

If  the  objedt  ABC  be  brought  nearer  to  the 
glafs,  the  pidfure  ahe  will  be  removed  to  a  greater 
diltance.  For  then,  more  rays  flowing  from  every 

Angle  . 
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finglc  point,  will  fall  more  diverging  upon  the  glafs  y 
'•  and  therefore  cannot  be  fo  foon  colledted  into  the 
correfponding  points  behind  it.  Confequently,  if 
Fig.  2.  the  diftance  of  the  object  ABC^  be  equal  to  the 
'  difl:ance^5  of  the  focus  of  the  glafs,  the  rays  of 
each  pencil  will  be  fo  refraded  by  paffing  through 
the  glafs,  that  they  will  go  out  of  it  parallel  to 
each  other;  as  7,//,/^,  from  the  point  C ; 
from  the  point  B  ;  and  from  the  point  A: 

and  therefore,  there  will  be  no  pidure  formed  be¬ 
hind  the  glafs. 

If  the  focal  diftance  of  the  glafs,  and  the  di- 
flance  of  the  objed’from  the  glafs*,  be  known; 
the  diftance  of  the  pidure  from  the  glafs  may  be 
found  by  this  rule,  viz.  multiply  the  diftance  of 
the  focus  by  the  diftance  of  the  objed,  and  divide 
the  produd  by  their  difference  ;  the  quotient  will 
be  the  diftance  of  the  pidure. 

Fig.  X.  The  pidure  will  be  as  much  bigger  or  lefs  than 
the  objed,  as  its  diftance  from  the  glafs  is  greater 
or  lefs  than  the  diftance  of  the  objed.  For,  as 
is  to  eb^  {oh  AC  to  ac.  So  that,  if  ABC  he 
the  objed,  cab  will  be  the  pidure ;  or,  if  cab  be 
the  objed,  ABC  will  be  the  pidure. 
roan-  Flavjng  deferibed  how  the  rays  of  light,  flowing 
loL°^  objeds  and  paffing  through  convex  glaffes, 

are  colleded  into  points,  and  form  the  images  of 
the  objeds ;  it  will  be  eafy  to  underhand  how  the 
rays  are  effeded  by  paffing  through  the  humours 
of  the  eye,  and  are  thereby  colleded  into  innu¬ 
merable  points  on  the  bottom  of  the  eye,  and 
thereon  form  the  images  of  the  objeds  which  they 

flow 
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flow  from.  For,  the  different  humours  of  the  eye, 
and  particularly  the  chryftalline  humour,  are  to  be 
confidered  as  a  convex  glafs  ;  and  the  rays  in  paf- 
fing  through  them,  to  be  effedled  in  the  fame  man¬ 
ner  as  in  paffing  through  a  convex  glafs. 

The  eye  is  nearly  globular.  It  confifts  of  threeFig.3. 
coats  and  three  humours.  The  part  DHHG  of 
the  outer  coat,  is  called  the  [clerotica^  the  reff 
GFED  the  cornea.  Next' within  this  coat  is  that 
called  the  choroides^  which  ferves  as  it  were  for  a 
lining  to  the  other,  and  joins  with  the  iris  m  n^  mn. 

The  iris  is  compofed  of  two  lets  of  mufcular  fibres ; 
the  one  of  a  circular  form,  which  contradf  the  hole 
in  the  middle,  called  the  when  the  light 

would  otherwife  be  too  ffrong  for  the  eye  ;  and  the  The^e 
other  of  radial  fibres,  tending  every  where  from  the 
circumference  of  the  iris  towards  the  middle  of  the 
pupil  \  which  fibres,  by  their  contradion,  dilate  and 
enlarge  the  pupil  when  the  light  is  weak,  in  order 
to  take  in  the  more  of  its  rays.  The  third  coat  is 
only  a  fine  expanfion  of  the  optic  nerve  L,  which 
fpreads  like  net-work  all  over  the  infide  of  the 
choroides,  and  is  therefore  called  the  retina ;  upon 
which  are  painted  (as  it  were)  the  images  of  all  vi- 
fible  objeds,  by  the  rays  of  light  which  either  ‘flow 
or  are  refleded  from  them. 

Under  the  cornea  is  a  fine  tranfparent  fluid  like 
water,  which  is  therefore  called  the  aqueous  humour. 

It  gives  a  protuberant  figure  to  the  cornea,  fills 
the  two  cavities  mm  and;^;?,  which  communicate 
by  the  pupil  P,  and  has  the  fame  limpidity,  fpe- 
cific  gravity,  and  refradive  power?  as  water. — •Ex 

the 
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the  back  of  this  lies  the  chryftalUne  humour  II^ 
which  is  fhaped  like  a  double  convex  glafs  j  and 
is  a  little  more  convex  on  the  back  than  the  fore 
part.  It  converges  the  rays,  which  pafs  through  it, 
from  every  vifible  object,  to  its  focus  at  the  bot¬ 
tom  of  the  eye.  This  humour  is  tranfparent  like 
chryftal,  i-s  of  the  confiftence  of  hard  jelly,  and 
exceeds  the  fpecific  gravity  of  water  in  the  propor¬ 
tion  of  I  I  to  lo.  It  is  inclofed  in  a  fine  tranfpa- 
renc  membrane,  from  which  proceed  radial  fibres 
ooy  called  the  ligamentum  ciliare^  all  around  its 
edge ;  and  join  to  the  circumference  of  the  iris. 
Thefe  fibres  have  a  power  of  contra(5ling  and  dilat¬ 
ing  occafionally,  by  which  means  they  alter  the 
lhape  or  convexity  of  the  chryffalline  humour, 
an'd  alfo  fhift  it  a  little  backward  or  forward  in  the 
eye,  fo  as  to  adapt  its  focal  diffance  at  the  bottom 
of  the  eye  to  the  different  diftances  of  objeds  ; 
without  which  provifion,  we  could  fee  only  thefe 
objeds  diftindly,  that  were  ail  at  one  diftance  from 
the  eye. 

At  the  back  of  the  chryflalline,  lies  the  vitreous 
humour  K  /f,  which  is  tranfparent  like  glafs,  and  is 
largeft  of  all  in  quantity,  filling  the  whole  orb  of 
the  eye,  and  giving  it  a  globular  fhape.  It  is  much 
of  a  confiftence  with  the  white  of  an  egg,  and  very 
little-  exceeds  the  fpecific  gravity  and  refradive 
power  of  water. 

As  every  point  of  an  objed  ABC  fends  out  rays 
in  all  diredions,  foine  rays  from  every  point  on  the 
fide  next  the  eye  will  fall  upon  the  cornea,  between 
£  and  F  5  and  by  paflingon,  through  the  humours 
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and  pupil  of  the  eye,  they  will  be  converged  to  as 
many  points  on  the  retina  or  bottom  of  the  eye, 
and  will  thereon  form  a  dillindt  inverted  pidure 
abcoi  the  objed.  Thus,  the  pencil  of  raysyr.s 
that  flows  from  the  point  yf  of  the  objed,  will  be  con¬ 
verged  to  the  points  on  the  retina  j  thofe  from  the 
point  B  will  be  converged  to  the  point  h  ;  thofe 
from  the  point  C  will  be  converged  to  the  point  r, 
and  fo  of  all  the  intermediate  points  ;  by  which 
means  the  whole  image  ahcis  formed,  and  the  ob~ 

'  jed  made  viflble  ;  although  it  mufl:  be  owned,  that 
the  method  by  which  this  fenfation  is  carried  from 
the  eye  by  the  optic  nerve  to  the  common  fenforj 
in  the  brain,  and  there  difcerned,  is  above  the 
reach  of  our  comprehenflon. 

But,  that  vifion  is  effeded  in  this  manner,  may¬ 
be  demonftrated  experimentally.  Take  a  bulloclds 
eye  whilft  it  is  frefh,  and  having  cut  off  the  three  ' 
coats  from  the  back  part,  quite  to  the  vitreous 
humour,  put  a  piece  of  white  paper  over  that  parr, 
and  hold  the  eye  towards  any  bright  objecf,  and 
you  will  fee  an  inverted  pidure  of  it  upon  the  papcx. 

Since  the  image  is  inverted,  many  have  wondered 
why  the  objed  appears  upright.  But  we  are  to 
conflder,  i.  chat  inverted  is  only  a  relative  term  ; 
and  2.  that  there  is  a  very  great  difference  between 
the  reaf  objed  and  the  means  or  image  by  which  we 
perceive  it.  When  all  the  parts  of  a  diflant  profped 
are  painted  upon  the  retina,  they  are  all  right  with 
refped  to  one  another,  as  well  as  the  parts  of  the 
profped  itfelf  ;  and  we  can  only  judge  of  an  objed*s 
being  inverted,  when  it  is  turned  revcrfe  to  its  natural 
pofltioa  with  refped  to  other  objeds  which  we  fee 

and 


and  compare  it  with. — If  we  lay  hold  of  an  up¬ 
right  ftick  in  the  dark,  we  can  tell  which  is  the 
upper  or  lower  part  of  it,  by  moving  our  hand 
upward  or  downward  ;  and  know  very  well  that  we 
cannot  feel  the  upper  end  by  moving  our  hand 
downward.  Juft  fo  we  find  by  experience,  that 
upon  direfting  our  eyes  towards  a  tall  obje6l,  we 
cannot  fee  its  top  by  turning  our  eyes  downward, 
nor  its  foot  by  turning  our  eyes  upward  ^  but  muft 
trace  the  obje6l  the  fame  way  by  the  eye  to  fee  it 
from  head  to  foot,  as  we  do  by  the  hand  to  feel 
it  :  and  as  the  judgment  is  informed  by  the  motion 
of  the  hand  in  one  cafe,  fo  it  is  alfo  by  the  motion 
of  the  eye  in  the  other. 

*  In  Fig.  4.  is  exhibited  the  manner  of  feeing  the 
fame  objedt  A  B  C,  by  both  the  eyes  D  and  E  at 
once. 

When  any  part  of  the  image  abc  falls  upon 
the  optic  nerve  L,  the  correfponding  part  of  the 
obje^b  becomes  invifible.  On  which  account,  na¬ 
ture  has  wifely  placed  the  optic  nerve  of  each  eye 
not  in  the  middle  of  the  bottom  of  the  eye,  but 
towards  the  fide  next  the  nofe  :  fo  that,  whatever 
part  of  the  image  falls  upon  the  optic  nerve  of  one 
eye,  may  not  fall  upon  the  optic  nerve  of  the  other. 
Thus,  the  point  a  of  the  image  ahc^  falls  upon 
the  optic  nerve  of  the  eye  D,  but  not  of  the  eye 
E  ;  and  the  point  c  falls  upon  the  optic  nerve  of 
the  eye  but  not  of  the  eye  D ;  and  therefore,  to 
both  eyes  taken  together,  the  whole  object  ABC  is 
vifible. 

The  nearer  that  any  objedt  is  to  the  eye,  the 
larger  is  the  angle  under  which  it  is  feen,  and  the 

magnitude 
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hiagnitude  under  which  it  appears.  Thus  to  the 

eye  D,  the  objedl  ABC  is  feen  under  the  angle Piatexvix. 

APC\  and  its  image  <3  is  very  large  upon 

retina  :  But  to  the  eye  E  at  a  double  ditlance,  thd 

lame  obje(fi:  is  feen  under  the  angle  Ap  C,  which  is 

equal  only  to  half  the  angle  AP  as  is  evident  by 

the  figure.  The  image  a  h  c  h  likewife  twice  as 

large  in  the  eye  D,  as  the  image  abc  is  in  the  eye 

jB.  In  both  thefe  reprefentations,  a  part  of  the 

image  falls  on  the  optic  nerve,  and  the  objed:  in 

the  correfpbndihg  part  is  invifible. 

As  the  fenfe  of  feeing  is  allowed  to  be  occafioned 
by  the  impulfe  of  the  rays  from  the  Vifible  object 
upon  the  redna  of  the  eye,  and  forming  the 
image  of  the  obje6i  thereon,  and  that  the  retina 
is  only  the  expanfion  of  the  optic  nerve  all  over  the 
chorbides ;  it  fhould  feem  furprifing,  that  the  part 
of  the  image  which  falls  on  the  nerve  Ihould  render 
the  like  part  of  the  objedt  invifible  ;  efpecially,  as 
the  nerve  is  allowed  to  be  the  inftrument  by  which 
the  impulfe  a'nd  image  are  conveyed  to  the  common 
fenfory  in  the  brain.  But  this  difficulty  vaniffies, 
when  we  confider  that  there  is  an  artery  within  the 
trunk  of  the  optic  nerve,  which  entirely  obfeures 
the  image  in  that  part,  and  conveys  no  fenfation  to 
the  brain. 

That  the  part  of  the  image  which  falls  upon  the 
middle  of  the  optic  nerve  is  loll,  and  confequencly 
the  correfponding  part  of  the  objedl  rendered  invi- 
lible,  is  plain  by  experiment.  For,  if  a  perfort 
fixes  three  patches /f,  B,C,  upon  a  white  wall,  at  the  Fig. 
height  of  the  eyCj  and  the  diftance  of  about  a  foot 
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from  each  other,  and  places  himfelf  before  them, 
fhutting  "the  right  eye,  and  diredling  the  left  to¬ 
wards  the  patch  C,  he  will  fee  the  patches  A  and 
C,  but  the  middle  patch  B  will  difappear.  Or,  if 
he  Ihuts  his  left  eye,  and  directs  the  right  towards 
A^  he  will  fee  both  A  and  C,  but  B  will  difappear  ; 
and  if  he  diredfs  his  eye  towards  he  will  fee  both 
B  and  A^  but  not  C.  For  whatever  patch  is  di- 
redlly  oppofite  to  the  optic  nerve  N  vanilhes.  This 
requires  a  little  pradice,^  after  which  he  will  find  it 
"  eafy  to  dired  his  eye  fo,  as  to  lofe  the  fight  of 
whatever  patch  he  pleafes. 

We  are  not  commonly  fenfible  of  this  difap- 
pearance,  becaufe  the  motions  of  the  eye  are  fa 
quick  and  inftantaneous,  that  v/e  no  fooner  lofe  the 
fight  of  any  part  of  an  objed,  than  we  recover  it 
again  ;  much  the  fame  as  in  the  twinkling  of  our 
eyes,  for  at  each  twinkling  we  are  blinded  *,  but  it 
is  fo  foon  over,  that  we  are  fcarce  ever  fenfible  of 
it. 

Fig- 4*  Some  eyes  require  the  affiftance  of  convex  glaf- 
fes  to  make  them  fee  objeds  diftindly,  and  others 
of  concave.  If  either  the  cornea  or  chryftal- 
line  humour  or  both'of  them,  be  too  flat,  as  in 

Whv  fome  ,  ^  i  •  r  mi  i  i 

eyesVe-  the  eye  A^  their  rocus  will  not  be  on  the  retina,  as 

quire fpee-  at  where  it  ought  to  be,  in  order  to  render  vifion 
diftind ;  but  beyond  the  eye,  as  at/.  And  therefore, 
thofe  rays  which  flow  from  the  objed  C,  and  pafs 
through  the  humours  of  the  eye,  are  not  converg¬ 
ed  enough  to  unite  at  d  and  therefore  the  ob- 
ferver  can  have  but  a  very  indiftind  view  of  the 
objed.  This  is  remedied  by  placing  a  conv«r 

glaf». 
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glafs^i?  before  the  eye,  which  makes  the  rays  con¬ 
verge  Iboner,  and  imprints  the  image  duly  on  the 
retina. 

If  either  the  cornea,  or  chryftalline  humour,  or 
both  of  them,  be  too  convex,  as  in  the  eye  the 
rays  that  enter  it  from  the  obje6t  C,  will  be  con^ 
verged  to  a  focus  in  the  vitreous  humour,  as  at  /  5 
and  by  diverging  from  thence  to  the  retina,  will 
form  a  very  confufed  image  thereon  :  and,  fo  of 
courfe,  the  obferver  will  have  as  confufed  a  view  of 
the  objedl  as  if  his  eye  had  been  too  flat.  This  in¬ 
convenience  is  remedied  by  placing  a  concave  glafs 
g  h  before  the  eye  ;  which  glafs,  by  caufing  the  rays 
to  diverge  between  it  and  the  eye,  lengthens  the  fo- 
‘  cal  diftance  fo;  that  if  the  glafs  be  properly  chofen, 
the  rays  will  unite  at  the  retina,  and  form  a  diftindt 
pidlure  of  the  objedl  upon  it. 

Such  eyes  as  have  their  humours  of  a  due  con¬ 
vexity,  cannot  fee  any  objedt  diftindbly  at  a  lefs 
diftance  than  fix  inches  ;  and  there  are  numberlefs 
objedls  too  fmall  to  be  feen  at  that  diftance,  becaufe 
they  cannot  appear  under  any  fenfible  angle.  The 
method  of  viewing  fuch  minute  objedts  is  by  a 
microfcope^  of  which  there  are  three  forts,  viz,  the 
fingle,,  the  double^  and  the  folar. 

The  fingle  mkrofcope  is  only  a  fmall  convex  glafs,  Fig. 

SLS  cd^  having  the  objedf  ab  placed  in  its  focus,  and 
the  eye  at  the  fame  diftance  on  the  other  fide  ;  that 
the  rays  of  each  pencil,  flowing  from  every  point  of 
the  objedt  on  the  fide  next  thq  glafs,  may  go  on 
parallel  to  theeye,  after  pafilng  through  the  glafs  *, 
and  then,  by  entering  the  eye  at  C,  they  will 
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converged  to  as  many  different  points  on  the  reti  naj, 
and  form  a  large  inverted  pifture  A  B  upon  it,  as 
in  the  figure. 

To  find  how  much  this  glafs'  magnifies,  divide 
the  leafl  di fiance  (which  is  about  fix  inches)  at 
which  an  obje6l  can  be  feen  diftinflly  with  the  bare 
eye,  by  the  focal  diflance  of  the  glafs  ;  and  the 
quotient  will  Ihew  how  much  the  glafs  magnifies 
the  diameter  of  the  objedl/ 

6,  '  The  double  or  compound  microfcope^  confifls  of  an 
object- glafs  cd^  and  an  eye-glafs  ef.  The  fmall 
objecft  a  b  is  placed  at  a  little  greater  diflance  from 
the  glafs  c  d  than  its  principal  focus,  fo  that  the 
pencils  of  rays  flowing  from  the  different  points  of 
The  dou-  the  objed:,  and  paffing  through  the  glafs,  may  be 
made  to  converge,  and  unite  in  as  many  points  be¬ 
tween  g  and  where  the  image  of  the  objedl  will 
be  formed :  which  image  is  viewed  by  the  eye  through 
the  eye-glafs  ef.  For  the  eye-glafs  being  fo  placed, 
that  the  image  gh  may  be  in  its  focus,  and  the  eye 
much  about  the  fame  diflance  on  the  other  fide,  the 
rays  of  each  pencil  will  be  parallel,  after  going  out  of 
the  eye-glafs,  as  at  e  and/,  till  they  come  to  the  eye 
at  /I,  where  they  will  begin  to  converge  by  the  re*^ 
fradive  power  of  the  humours  *,  and  after  having 
croffed  each  other  in  the  pupil,  and'paffed  through 
the  chryflalline  and  vitreous  humours,  they  will  be 
colled:ed  into  points  on  the  retina,  and  form  the 
large  inverted  image  A  B  thereon. 

The  magnify ing.power  of  this  microfeope  is  as 
follows.  Suppofe  the  images  to  be  fix  times  the 
diflance  of  the  objed:  ab  from  the  objed:- glafs  cd 

then 
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then  will  the  image  be  fix  times  the  length  of  the 
object  :  but  fince  the  image  could  not  be  fecn 
diftindlly  by  the  bare  eye  at  a  lefs  diftance  than  fix 
inches,  if  it  be  viewed  by  an  eye-glafs  ef  of  one 
inch  focus,  it  will  thereby  be  brought  fix  times 
nearer  the  eye  ;  and  confequently  viewed  under  an 
angle  fix  times  as  large  as  before  ;  fo  that  it  will, 
be  again  magnified  fix  times ;  that  is,  fix  times  by 
the  objecfi:  glafs,  and  fix  times  by  the  eye-glafs ; 
which  multiplied  into  one  another  make  36  times  : 
and  fo  much  is  the  object  magnified  in  diameter, 
more  than  what  it  appears  to  the  bare  eye  ;  and 
confequently  36  timers  36,  or  1296  times  in 
furface. 

But,  becaufe  the  extent  or  field  of  view  is  very 
fmall  in  this  microfeope,  there  are  generally  two 
^  eye-glafies,  placed  fometimes  clofe  together,  and 
Ibmetimes  an  inch  afunder  i  by  which  means,  al¬ 
though  the  objedl:  appears  lefs  magnified,  yet  the 
vifible  area  is  much  enlarged  by  the  interpofition  of 
a  fecond  eye-glafs  ;  and  confequently  a  much 
pleafanter  view  is  obtained. 

Thtfolar  microfeope^  invented  by  Dr.  Lkherkhun^  Fig.  7. 
ia  conftrudled  in  the  following  manner.  Flaving 
procured  a  very  dark  room,  let  a  round  hole  be  made- 
in  the  window-lhutter,  about  three  inches  diameter, 
through  which  the  fun  may  call  a  cylinder  of  rays 
yfA  into  the  room.  In  this  hole,  place  the  end  of  The  filar 
a  tube  containing  two  convex  glaffes  and  an  objed,^^'^^‘ 
viz,  I.  A  convex  glafs  aa^  of  about  two  inches 
diameter,  and  three  inches  focal  diftance,  is  to  he 
place^cj  in  that  end  of  the  tube  which  is  put  into 
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the  hole,  2.  The  objed  hh,  being  put  between 
two  glaffes  (which  mufb  be  concave  to  hold  it-  at 
liberty)  is  placed  about  two  inches  and  an  half 
from  the  glafs  a  a,  3.  A  little  more  than  a  quarter 
of  an  inch  from  the  objeft,  is  placed  the  fmall 
convex  glafs  rc,  whofe  focal  diftance  is  a  quarter 
of  an  inch. 

The  tube  may  be  fo  placed,  when  the  fun  is 
low,  that  his  rays  A  A  may  enter  diredtly  into  it : 
but  when  he  is  high,  his  rays  BB  muft  be  re- 
fledled  into  the  tube  by  the  plane  mirrour  or  looking- 
glafs  CC. 

Things  being  thus  prepared,  the  rays  that  enter 
the  tube  will  be  conveyed  by  the  glafs  a  a  towards 
the  objedl  hh^  by  which  means  it  will  be  ftrongly 
illuminated  *,  and  the  rays  d  which  flow  from  it, 
through  the  convex  glafs  c  c,  will  make  a  large 
inverted  pidlure  of  the  objedl  at  Z)Z),  which,  be^ 
ing  received  on  a  white  paper,  will  reprefent  the 
objedt  magnified  in  length,  in  proportion  of  the 
diftance  of  the  piclure  from  the  glafs  rr,  to  the 
diftance  of  the  objedl  from  the  fame  glafs.  Thus, 
fuppofe  the  diftance  of  the  objedl  from  the  glafs 
to  be  yV  parts  of  an  inch,  and  the  diftance  of  the 
dlftindl  pidlure  to  be  12  feet  or  144  inches,  in 
which  there  are  1440  tenths  of  an  inch  5  and  this 
number  divided  by  3  tenths,  gives  480  *,  which  is 
the  number  of  times  the  pidlure  is  longer  or  broader 
than  the  objedf :  and  the  length  multiplied  by  the 
breadth  Ihews  how  much  the  whole  furface  is  mag^ 
pified. 
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Before  we  enter  upon  the  defcriptlon  of  tele-  Tekfcopes, 
fcopes,  it  will  be  proper  to  fhew  how  the  rays  of 
light  arc  affedled  by  palling  through  concave  glafles, 
and  by  falling  upon  concave  mirrours. 

When  parallel  rays,  as  ahcdefgh^  pafs  direfllyPl.  xviiL 
through  a  glafs  AB^  which  is  equally  concave  on^^^‘ 
both  lides,  they  will  diverge  after  palTing  through 
the  glafs,  as  if  they  had  come  from  a  radiant  point 
C,  in  the  center  of  the  glafs’s  concavity ;  which 
point,  is  called  the  negative  or  virtual  focus  of  the 
glafs.  Thus,  the  ray  after  palTing  through  the 
glafs  AB^  will  go  on  in  the  diredion  kl^  as  if  it 
had  proceeded  from  the  point  C,  and  no  glafs  in 
the  way.  The  ray  b  will  go  on  in  the  diredion 
the  ray  r  in  the  diredion  The  ray 

C,  that  falls  diredly  upon  the  middle  of  the  glafs, 
fuffers  no  refradion  in  palTing  through  it  \  but 
goes  on  in  the  fame  redilineal  diredion,  as  if  no 
glafs  had  been  in  its  way. 

If  the  glafs  had  been  concave  only  on  one  fide, 
and  the  other  fide  quite  plane,  the  rays  would 
have  diverged,  after  palfing  through  it,  as  if  they 
had  come  from  a  radiant  point  at  double  the  di- 
ftance  of  C  from  the  glafs ;  that  is,  as  if  the  radiant 
had  been  at  the  diftance  of  a  whole  diameter  of 
the  glafs’s  concavity. 

If  rays  come  more  converging  to  fuch  a  glafs, 
than  parallel  rays  diverge  after  palTing  through  it, 
they  will  continue  to  converge  after  palTing  through 
it ;  but  will  not  meet  fo  foon  as  if  no  glafs  had 
been  in  the  way;  and  will  incline  towards  the  fame 
fide  tO'  which  they,  would  have  diverged,  if  they 
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had  come  parallel  to  the  glafs.  1  lius,  the  rays  / 
and  hi  going  in  a  converging  Hate  towards  the 
edge  of  the  glafs  at  and  converging  more  in  their 
way  to  it  than  the  parallel  rays  diverge  after  paffing 
through  it,  they  v/ili  go  on  converging  after  they 
pafs  through  it;  though  in  a  lefs  degree  than  they 
did  before,  and  will  meet  at  1 :  but  if  no  glafs 
had  been  in  their  way,  they  would  have  met  at  i. 

Fig.  When  parallel  rays,  as  dfa^  Cmh^  elc^  fall  upon 
a  concave  mirrour  AB  (which  is  not  tranfparent, 
but  has  only  the  farface  AbB  of  a  clear  polifli)  * 
they  will  be  reflected  back  from  that  mirrour ;  and 
meet  in  a  point  at  half  the  diftance  of  the  fur- 
face  of  the  mirrour  from  C,  the  center  of  its 
concavity  :  for  they  will  be  reHefted  at  great 
an  angle  from  a  perpendicular  to  the  furftce  of  the 
mirrour,  as  they  fell  upon  it,  with  regard  to  that 
perpendicular  ;  but  on  the  other  fjde  thereof. 
Thus,  let  C  be  the  center  of  concavity  of  the 
mirrour  AhB^  and  let  the  pa/allel  rays  dfa^  Cmb, 
and  ACi  fall  upon  it  at  the  points  a  Ay  and  c. 
Draw  the  lines  Cia^  Cmb^  and  Chc^  from  the 
center  C  to  thefe  points  ;  all  which  will  be  perpen-? 
dicular  to  the  furface  of  ^ the  mirrour,  becaufe  they 
proceed  thereto  Ifke  fo  many  radii  or  fpokes  from 
its  center.  Make  the  angle  Cah  equal  to  the  anr 
gle  daCi  and  draw  the  line  amh^  which  will  be 
the  dire(5tion  of  the  ray  dfa,  after  it  is  refie(5led 
froni  the  point  a  of  the  mirrour  :  fo  that  the  angle 
of  incidence  'daC^  is  equal  to  the  angle  of  re? 
'fle6lion  Cah-y  the  rays  making  equal  angles  with 
|;he  perpendicular  Cia^on  its  oppofite  iides. 

Pra^ 
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Draw  alfo  the  perpendicular  Che  to  the  point 
r,  where  the  ray  ^/crouches  the  mirrour*,  and, 
having  made  the  angle  Cci  equal  to  the  angle  Cce^ 
draw  the  line  crai^  which  will  be  the  courfe  of  the 
ray  elc^  after  it  is  refleded  from  the  mirrenr. 

The  ray  Cmb  paffing  through  the  center  of  con^ 
cavity  of  the  mirrour,  and  falling  upon  it  at  is 
perpendicular  to  it  ^  and  is  therefore  refleded  back 
from  it  in  the  fame  line  bmC, 

All  thefe  reflected  rays  meet  in  the  point  ;  and 
in  that  point  the  image  of  the  body  which  emits 
the  parallel  rays  da^  Cb^  and  rc,  will  be  formed  : 
which  point  is  diftant  from  the  mirrour  equal  to 
half  the  radius  bmC  of  its  concavity. 

The  rays  which  proceed  from  any  celeflial  ob^ 
jed  may  be  efteemed  parallel  at  the  earth  •,  and 
therefore,  the  images  of  that  objed  will  be  formed 
at  when  the  refieding  furface  of  the  concave 
mirrour  is  turned  diredly  towards  the  objed. 
Hence,  the  focus  m  of  parallel  rays  is  not  in  the 
center  of  the  mirrour’s  concavity,  but  half  way 
between  the  mirrour  and  that  center. 

The  rays  which  proceed  from  any  remote  terref- 
trial  objed,  are  nearly  parallel  at  the  mirrour  j  not 
ftridly  fo,  but  comie  diverging  to  it,  in  feparate 
pencils,  or,  as  it  were,  bundles  of  rays,  from  each 
point  of  the  fide  of  the  objed  next  the  mirrour : 
and  therefore  they  will  hot  be  converged  to  a  point, 
at  the  diftance  of  half  the  radius  of  the  mirrour’s 
concavity  from  its  refieding  furface  ;  but  into  fe*» 
parate  points  at  a  little  greater  diftance  from  the 
fpirrpur.  And  the  nearer  the  objed  is  to  the  mlr^ 
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roiir,  the  farther  thefe  points  will  be  from  it ;  and 
in  them  an  inverted  image  of  the  obje61:  will  be 
formed,  which  will  feem  to  hang  pendent  in  the 
air;  and  will.be  feen  by  an  eye  placed  beyond  it 
(with  regard  to  the  mirrour)  in  all  refpedts  like  the 
objedt,  and  as  diftindl  as  the  objedl  itfelf. 

Let  AcB  be  the  reflecting  furface  of  a  mirrour, 
whofe  center  of  concavity  is  at  C ;  and  let  the  up¬ 
right  obje6l  DE  be  placed  beyond  the  center  C, 
and  fend  out  a  conical  pencil  or  bundle  of  diverg¬ 
ing  rays  from  its  upper  extremity  D,  to  every  point 
of  the  concave  furface  of  the  mirrour  AcB,  But 
to  avoid  confufion,  we  only  draw  three  rays  of  that 
pencil;- as  DA^  Dc^  DB, 

From  the  center  of  concavity  C,  draw  the  three 
right  lines  CA^  Cr,  CB,  touching  the  mirrour  in 
the  fame  points  where  the  forefaid  rays  touch  it ; 
and  all  thefe  lines  will  be  perpendicular  to  the  fur¬ 
face  of  the  mirrour.  Make  the  angle  CAd^  equal 
to  the  angle  DAC^  and  draw  the  right  line  Ad  for 
the  courfe  of  the  refleded  ray  DA :  make  the  an¬ 
gle  Cri  equal  to  the  angle  Dr C,  and  draw  the 
rigKt  linerJ  for  the  courfe  of  the  refleded  ray  Dd: 
make  alfo  the  angle  CBd  equsi  to  the  angle  DBC^ 
-and  draw  the  right  line  Bd  for  the  courfe  of  the 
refleded  ray  DB,  All  thefe  refleded  rays  will 
rneet  in  the  point  d^  where  they  will  form  the  ex¬ 
tremity  d  of  the  inverted  image  ed^  fimilar  to  the 
extremity  D  of  the  upright  objed  DE, 

If  the  pencil  of  rays  Efgh  be  alfo  continued 
to  the  mirrour,  and  their  angles  of  refledion  from 
it  be  made  equal  to  their  angles  of  incidence  upon 


/ 


Of  optics.  235 

it,  as  in  the  former  pencil  from  D,  they  will  all 
meet  at  e  by  refle6tion,  and  form  the  extremity  e 
of  the  image  limilar  to  the  extremity  E  of  the 
objed  DE. 

And  as  each  intermediate  point  of  the  objed, 
between  D  and  E^  fends  out  a  pencil  of  rays  in 
like  manner  to  every  point  of  the  mdrrour,  the 
rays  of  each  pencil  will  be  receded  back  from  it, 
and  meet  in  as  many  intermediate  points  between 
the  extremities  e  and  d  of  the  image  ,  and  fo  the 
whole  image  will  be  formed,  not  at  half  the 
diftance  of  the  mirrour  from  its  center  of  conca¬ 
vity  C ;  but  at  a  greater  diftance,  between  i  and 
the  objed  DE:  and  the  image  will  be  inverted 
Vv^ith  refped  to  the  objed. 

This  being  well  underftood,  the  reader  will  eafily 
fee  how  the  image  is  formed  by  the  large  concave 
mirrour  of  the  refleding  telefcope,  when  he  comes 
to  the  defeription  of  that  inftrument. 

When  the  objed  is  more  remote  from  the  mir¬ 
rour  than  its  center  of  concavity  C,  the  image  will 
be  lefs  than  the  objed,  and  between  the  objed  and 
mirrour  :  when  the  objed  is  nearer  than  the  center 
of  concavity,  the  image  will  be  more  remote  and 
bigger  than  the  objed :  thus,  if  D  E  be  the  ob¬ 
jed,  ed  will  be  its  image;  but  if  ed  be  the  objed, 

DE  wilTbe  its  image  ;  for,  as  the  objed  recedes 
from  the  mirrour,  the  image  approaches  nearer  to 
it;  and  as  the  objed  approaches  nearer  to  the  mir¬ 
rour,  the  image  recedes  farther  from  it ;  on  account 
of  the  lefter  or  greater  divergency  of  the  pencils 
of  rays  which  proceed  from  the  objed :  for,  the 
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lefs  they  diverge,  the  fooner  they  are  converged  to' 
points  by  refledtion  ;  and  the  more  they  diverge, 
the  farther  they  mu  ft  be  refledled  before  they  meet. 

If  the  radius  of  the  mirrour’s  concavity  and  the 
diftanoe  of  the  objecl  from  it  be  known,  the  dif- 
tance  of  the  image  from  the  mirrour  is  found  by 
this  rule ;  divide  the  produdt  of  the  diftance  and 
radius,  by  double  the  diftance  made  lefs  by  the  ra-. 
dius,  and  the  quotient  is  the  diftance  required. 

If  the  objedt  be  in  the  center  of  the  mirrour’s 
concavity,  the  image  and  objedb  will  be  coincident, 
and  equal  in  bulk. 

If  a  man  places  himfelf  diredtly  before  a  large 
concave  mirrour,  but  farther  from  it  than  its  center 
of  concavity,  he  will  fee  -an  inverted  image  of 
himfelf  in  the  air,  between  him  and  the  mirrour, 
of  a  lefs  fize  than  himfelf.  And  if  he  holds  out 
his  hand  towards  the  mirrour,  the  hand  of  the 
'  image  will  come  out  towards  his  hand,  and  coin¬ 
cide  with  it,  of  an  equal  bulk,  when  his  hand  is 
in  the  center  of  concavity  ;  and  he  will  imagine 
he  may  ftiake  hands  with  his  image.  If  he  reaches 
his  hand  farther,  the  hand  of  the  image  will  pafs 
by  his  hand,  and  come  between  his  hand  and  his 
body  :  and  if  he  moves  his  hand  towards  either 
fide,  the  hand  of  the  image  will  move  towards  the 
other ;  fo  that  whatever  way  the  objedl  moves,  the 
image  will  move  the  contrary. 

All  the  while  a  by-ftander  will  fee  nothing  of 
the  image,  becaufe  none  of  the  refiefted  rays  that 
form  it  enter  his  eyes. 
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If  a  fire  be  made  in  a  large  room,  and  a  fmooth 
mahogony  table  be  placed  at  a  good  diftance  near 
the  wall,  before  a  large  concave  mirrour,  fo  placed 
that  the  light  of  the  fire  may  be  refledfed  from  the 
mirrour  to  its  focus  upon  the  table;  if  a  perfon 
ftands  by  the  table,  he  will  fee  nothing  upon  it  but 
a  longifh  beam  of  light :  but  if  he  ftands  at  a 
diftance  towards  the  fire,  not  diredtly  between  the 
fire  and  mlrroqr,  he  will  fee  an  image  of  the 
fire  upon  the  table,  large  and  eredl.  And  if 
another  perfon,  who  knows  nothing  of  this  matter 
before-hand,  fhould  chance  to  come  into  the  room, 
and  fhould  look  from  the  fire  towards  the  table;, 
he  would  be  ftartled  at  the  appearance  ;  for  the 
table  would  feem  to  be  on  fire,  and  by  being  near 
the  wainfcot,  to  endanger  the  whole  houfe.  In  this 
experiment,  there  fhould  be  no  light  in  the  room 
but  what  proceeds  from  the  fire  ;  and  the  mirrour 
ought  to  be  at  leaft  fifteen  inches  in  diameter. 

If  the  fire  be  darkened'' by  a  fcreen,  and  a  large 
candle  be  placed  at  the  back  of  the  fcreen  *,  a 
perfon  ftanding  by  the  candle  will  fee  the  appear¬ 
ance  of  a  fine  large  ftar,  or  rather  planet,  upon  the 
table  as  bright  as  Venus  or  Jupiter.  And  if  a 
fmall  wax  taper  (whofe  flame  is  much  lefs  than  the 
flame  of  the  candle)  be  placed  near  the  candle, 
a  fatellite  to  the  planet  will  appear  on  the  table  : 
and  if  the  taper  be  moved  round  the  candle,  the 
fatellite  will  go  round  the  planet. 

For  thefe  two  pleafing  experiments,  I  am  in¬ 
debted  to  the  reverend  Dr.  LONG,  Lowndes^ 
profeflbr  of  aftronomy  at  Cambridge,  v/ho  fa¬ 
voured 
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voured  me  with  the  fight  of  them,  and  many  more 
of  his  curious  inventions. 

In  a  refr acting  telefcope^  the  glafs  which  is  neareft 
the  objedl  in  viewing  it,  is  called  the  ohjeht-glafs  \ 
and  that  which* is  neareft  the  eye,  is  called  the  cye^ 
glafs.  The  objed-glafs  muft  be  convex,  but  the 
eye-glafs  may  be  either  convex  or  concave  :  and 
generally  in  looking  through  a  telefcope,  the  eye 
is  in  the  focus  of  the  eye-glafs  ;  though  that  is  not 
very  material :  for  the  diftance  of  the  eye,  as  to 
diftindl  vifion,  is  indifferent,  provided  the  rays  of 
the  pencils  fall  upon  it  parallel :  only,  the  nearer 
the  eye  is  to  the  end  of  the  telefcope,  the  larger 
is  the  fcope  or  area  of  the  field  of  view. 

Det  cd  be  a  convex  glafs  fixed  in  a  long  tube, 
and  have  its  focus  at  E.  Then,  a  pencil  of  rays 
ghiy  flowing  from  the  upper  extremity  A  of  the 
remote  objecft  AB^  will  be  fo  refra6tcd  by  paffing 
through  the  glafs,  as  to  converge  and  meet  in  the 
point  /*,  whilft  the  pencil  of  rays  klm.^  flowing 
from  the  lower  extremity  By  of  the  fame  obje(ft 
A  By  and  pafllng  through  the  glafs,  will  converge 
and  meet  in  the  point  e  :  and  in  thefe  points  /  and 
Cy  the  images  of  the  points  A  and  B  will  be  formed. 
And  as  all  the  intermediate  points  of  the  obje6l, 
between  A  and  By  fend  out  pencils  of  rays  in  the 
fame  manner,  a  fuflicient  number  of  thefe  pencils 
will  pafs  through  the  objedt-glafs  edy  and  con¬ 
verge  to  as  many  intermediate  points  between  e  and 
/;  and  fo  will  form  the  whole  inverted  images  A/, 
of  the  diftincl  objecft.  But  becaufe  this  image  is 
fmail,  a  concave  glafs  noy  is  fo  placed  in  the  end 
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of  the  tube  next  the  eye,  that  its  virtual  focus 
may  be  at  F,  And  as  the  pencils  of  rays  pafs 
converging  through  the  concave  glafs,  but  con¬ 
verge  lefs  after  paffing  through  it  than  before,  they 
go  on  further,  as  to  b  and  before  they  meet ; 
and  the  pencils  themfelves  being  made  to  diverge 
by  pafiing  through  the  concave  glafs,  they  enter 
the  eye,  and  form  the  large  pidure  a  b  upon  the 
retina,  whereon  it  is  magnified  under  the  angle 
But  this  telefcope  has  one  inconveniency  which 
renders  it  unfit  for  moft  purpofes,  which  is,  that 
the  pencils  of  rays  being  made  to  diverge  by  paffing 
through  the  concave  glafs  noy  very  few  of  them 
can  enter  the  pupil  of  the  eye  ;  and  therefore  the 
field  of  view  is  but  very  fmall,  as  is  evident  by 
the  figure.  For  none  of  the  pencils  which^  flow 
cither  from  the  top  or  bottom  of  the  objed  AB 
can  enter  the  pupil  of  the  eye  at  C,  but  are  ail  ftopt 
by  falling  upon  the  iris  above  and  below  the  pupil: 
and  therefore,  only  the  middle  part  of  the  objed 
can  be  feen  when  the  telefcope  lies  diredly  towards 
it,  by  means  of  thofe  rays  which  proceed  from  the 
middle  of  the  objed.  So  that  to  fee  the  whole  of 
it,  the  telefcope  mufl:  be  moved  upwards  and  down¬ 
wards,  unlefs  the  objed  be  very  remote  ;  and  then 
it  is  never  feen  diftindly. 

This  inconvenience  is  remedied  by  fubftituting  a  Fig,  5, 
convex  eye-glafs,  as  ghy  in  place  of  the  concave 
I  one  *,  and  fixing  it  fo  in  the  tube,  that  its  focus 
may  be  coincident  with  the  focus  of  the  objed^ 
glafs  cdy  as  at  E,  For  then,  the  rays  of  the  pen- 
'  cils  flowing  froni  the  objed  AB^  and  paffing 

through 


2^0  '  ^  0/  Optics, 

through  the  objeft-glafs  r  J,  will  meet  in  its  focus, 
and  form  the  inverted  image  :  and  as  th^ 
image  is  formed  in  the  focus  of  the  eyC'  glafs 
the  rays  of  each  pencil  will  be  parallel,  after  paffing 
thropgh  that  glafs  *,  but  the  pencils  themfelves  will 
crofs  in  its  focus  on  the  other  fide,  as  at  e:  and 
'  the  pupil  of  the  eye  being  in  this  focus,  the  image 
will  be  viewed  through  the  glafs,  under  tlie  angle 
geh  $  and  being  at  £,  it  will  appear  magnified,  fd 
as  to  fill  the  whole  fpace  CmepD, 

But,  as  this  telefcope  inverts  the  image  with  re- 
fpedt  to  the  objedt,  it  gives  an  unpleafant  view  of 
tcrreflrial  objedts ;  and  is  only  fit  for  viewing  the 
heavenly  bodies,  in  which  we  regard  not  their  po- 
fition,  becaufe  their  being  inverted  does  not  appear^ 
on  account  of  their  being  round.  But  whatever 
way  the  objecl  feems  to  move,  this  telefcope  mu  ft 
be  moved  the  contrary  way,  in  order  to  keep  fight 
of  it  *,  for,  fince  the  objedt  is  inverted,  its  motion 
will  be  fo  too. 

The  magnifying  power  of  this  telefcope  is,  as 
'  the  focal  diflance  .£)f  the  objedl-- glafs  to  the  focal 
diftance  of  the  eye-glafs.  Therefore,  if  the  former 
'  be  divided  by  the  latter,  the  quotient  will  exprefs 
the  magnifying  power. 

MTen  we  fpeak  of  the  magnifying  of  a  telefcope 
or  microfeope,  it  is  only  meant  with  regard  to  the 
diameter,  dot  the  area  nor  folidity  of  the  objedf'.' 
But  as  the  inftrument  magnifies  the  vertical  diame¬ 
ter,  as  much  as  it  does  die  horizontal,  it  is  eafy  to 
find  how  much  the  whole  vifible  'area  or  furface  is 
magnified  :  for,  if  the  diameters  be  multiplied  into 
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'  one  another,  the  produd  will  exprefs  the  magni¬ 
fication  of  the  whole  viiible  area.  Thus,  fuppofe  ' 
the  focal  diftance  of  the  objedl-glafs  be  ten  times 
as  great  as  the  focal  diftance  of  the  eye-glafs ;  then, 
the  objedl  will  be  magnified  ten  times,  both  in 
length  and  breadth  :  and  10  multiplied  by  10,  pro¬ 
duces  100  *,  which  Ihews,  that  the  area  of  the  ob- 
jed  will  appear  100  times  as  big  when  feen  through 
fuch  a  telefcope,  as  it  does  to  the  bare  eye. 

Hence  it  appears,  that  if  the  focal  diftance  of 
the  eye-glafs  were  equal  to  the  focal  diftance  of 
the  obje6l-glafs,  the  magnifying  power  of  the  te^ 
lefcopewould  be  nothing. 

This  telefcope  may  be  made  to  magnify  in  any 
giv^en  degree,  provided  it  be  of  a  fufiicient  length. 

For,  the  greater  the  focal  diftance  of  the  objeCf- 
glafs,  the  lefs  may  be  the  focal  diftance  of  the  eye- 
glafs  ;  though  not  dire6tly  in  proportion.  Thus, 
an  objed-glafs,  of  10  feet  focal  diftance,  will  ad¬ 
mit  of  an  eye-glals,  whole  focal  diftance  is  little 
.  more  than  24  inches  which  will  magnify  near  48 
times:  but  an  objed- glafs,  of  100  feet  focus,  will 
require  an  eye-glafs  fomewhat  more  than  6  inches ; 
i  and  will  therefore  magnify  almoft  200  times. 

A  telefcope  for  viewing  tcrreftrial  objedls,  fhould 
be  fo  conftruded,  as  to  fhew  them  in  their  natural 
pofture.  And  this  is  done  by  one  objedf-glafs  cd^  Fig,  6. 
and  three  eye-glaftes  ef^  gh^  ik^  fo  placed,  that 
the  diftance  between  any  two,  which  are  neareft  to 
each  other,  may  be  equal  to  the  fum  of  their  focal 
diftances ;  as  in  the  figure,  where  the  focus  of  the 
glafles  cd  and  ef  meet  at  F,  thofe  of  the  glaftes  ef 
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and  gh^  meet  at  /,  and  o^  gh  and  ik^  at  m\  the 
eye  being  at  in  or  near  the  focus  of  the  eye- 
glafs  ik^  on  the  other  fide.  Then,  it  is  plain,  that 
thefe  pencils  of  rays,  which  flow  from  the  obje6t 
AB^  and  pafs  through  the  objeft-glafs  rJ,  will 
meet  and  form  an  inverted  image  CFD  in  the  fo¬ 
cus  of  that  glafs  •,  and  the  image  being  alfo  in  the 
focus  of  the  glafs  ef^  the  rays  of  the  pencils  will 
become  parallel,  after  paffing  through  chat  glafs, 
and  crofs  in  its  oppofite  focus  at  I ;  from  whence 
they  pafs<on  to  the  next  glafs  and  by  going 
through  it  they  are  converged  to  points  in  its  other 
focus,  where  they  form  an  ere6l  image  EmF^  of 
the  objeft  AB  :  and  as  this  image  is  alfo  in  the 
focus  of  the  eye-glafs  iky  and  the  eye  on  the  op- 
pofice  fide  of  the  fame  glafs  ^  the  image  is  viewed 
through  the  eye  glafs  in  this  telefcope,  in  the  fame 
manner  as  through  the  eye-glafs  in  the  former  one ; 
only  in  a  contrary  pofition,  that  is,  in  the  fame 
pofition  with  the  obje6t. 

The  three  glafles  next  the  eye,  have  all  their 
focal  diftances  equal  :  and  the  magnifying  power 
of  this  telefcope,  is  found  the  fame  way  as  that; 
of  the  laft  above  *,  viz,  by  dividing  the  focal  dif- 
tance  of  the  objedl- glafs  cdy  by  the  focal  diilance 
of  the  eye-glafs  iky  or  ghy  or  ef  fince  all  thefe 
three  are  equal. 

Why  the  V\Ten  the  rays  of  light  are  feparated  by  re- 
pSfco-^"  fracftion,  they  become  coloured,  and  if  they  be 
loured  united  again,  they  v/ill  be  a  perfe6f  white.  But 
through  a  thofe  rays  which  pafs  through  a  convex  glafs,  near 
telefcope.  edges,  are  more  unequally  refradfed  than  thofe 
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which  are  nearer  the  middle  of  the  glafs.  And 
when  the  rays  of  any  pencil  are  unequally  re- 
fradled  by  the  glafs,  they  do  not  all  meet  again  in 
one  and  the  fame  point,  but  in  feparace  points*, 
which  makes  the  image  indiftinfl,  and  coloured, 
about  its  edges.  The  remedy  is,  to  have  a  plate 
with  a  fmall  round  hole  in  its  middle,  fixed  in  the 
tube  at  parallel  to  the  glaflfes.  For,  the  wan¬ 
dering  rays  about  the  edges  of  the  glafles  will  be 
flopt,  by  the  plate,  from  coming  to  the  eye ;  and  ' 
none  admitted  but  thofe  which  come  through  the 
middle  of  the  glafs,  or  at  leaft  at  a  good  diflance 
from  its  edges,  and  pafs  through  the  hole  in  the 
middle  of  the  plate.  But  this  circumferibes  the 
image,  and  leffens  the  field  of  view,  which  would 
be  much  larger  if  the  plate  could  be  difpenfed  with. 

The  great  inconvenience  attending  the  manage¬ 
ment  of  long  telefcqpes  of  this  kind,  has  brought 
them  much  into  difufe  ever  fince  -the  rejie£ling  te-T\ve  re~ 
lefcope  was  invented.  For  one  of  this  fort, 
feet  in  length,  magnifies  as  much  as  one  of  the 
other  an  hundred.  It  was  invented  by  Sir  Ifaac 
Newton^  but  has  received  confiderable  improve¬ 
ments  fince  his  time ;  and  is  now  generally  con- 
ftrudled  in  the  following  manner,  which  was  firfl 
propofed  by  Dr.  Gregory. 

At  the  bottom  of  the  great  tube  T’T’T’T*,  is 
placed  the  large  concave  mirrour  DUVF^  whofeFig.  7.^ 
principal  focus  is  at  ;  and  in  its  middle  is  a  round 
hole  P,  oppofite  to  which  is  placed  the  fmall  mir¬ 
rour  Ly  concave  toward  the  great  one  *,  and  fo 
fixed  to  a  ftrong  v/ire  M,  that  it  may  be  moved 
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farther  from  the  great  mirrour,'  or  nearer  to  it,  hy 
means  of  a  long  fcrew  on  the  outfide  of  the  tube, 
keeping  its  axis  flill  in  the  fame  line  Pmn  with  that 
of  the  great  one.- — -Now,  fince  in  viewing  a  very 
remote  objedl,  we  can  fcarce  fee  a  point  of  it  but' 
what  is  at  leaf!:  as  broad  as  the  great  mirrour,  we 
may  confider  the  rays  of  each  pencil,  which  flow 
from  every  point  of  the  objedl,  to  be  parallel  to 
each  other,  and  to  cover  the  whole  refiedling  fur- 
face  DUFF.  But  to  avoid  confufion  in  the  figure, 
w^e  fhall  only  draw  two  rays  of  a  pencil  flowing 
from  each  extremity  of  the  objedl  into  the  great 
tube,  and  trace  their  progrefs,  through  all  their 
refledlions  and  refradtions,  to  the  eye  /,  at  the  end 
of  the  fmall  tube  //,  v/hich  is  joined  to  the  great 
one. 

* 

Let  us  then  fuppofe  the  objedl  to  be  at  fuch 
a  diftance,  that  the  rays  C  may  flow  from  its  lower 
extremity  and  the  rays  E  from  its  upper  extre¬ 
mity  A.  Then,  the  rays  C  falling  parallel  upon 
the  great  mirrour  at  D,  will  be  thence  refleded 
converging,  in  the  direction  D  G  ;  and  by  crofllng 
at  /  in  the  principal  focus  of  the  mirrour,  they 
will  form  the  upper  extremity  1  of  the  inverted 
image  f/v,  fimilar  to  the  lower  extremity  B  of  the 
objedl  AB  :  and  palTing  on  to  the  concave  mirrour. 
E  (whofe  focus  is  at  n)  they  will  fall  upon  it  at|-, 
and  be  thence  refle6led  converging,  in  the  diredlion 
becaufe  gm  is  (hotter  than  gn\  and  pafling^ 
through  the  hole  P  in  the  large  mirrour,  they 
would  meet  fomev/here  about  r,  and  form  the  lower 
extremity  b  of  the  eredl  image  a  by  fimilar  to  the 

lower 
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lower  extremity  B  of  the  objefl^^  AB,  But  by 
pafTing  through  the  plano-convex  glafs  R  in  their 
way,  they  form  that  extremity  of  the  image  at  h. 

In  like  manner,  the  rays  £,  which  come  from  the 
top  of  the  objefl  AB^  and  fall  parallel  upon  the 
great  mirrour  at  F,  are  thence  reflecSled  converging 
to  its  focus,  where  they  form  the  lower  extremity 
K  of  the  inverted  image  //{,  fimilar  to  the  upper 
extremity  A  of  the  object  AB-y  and  thence  paffing  • 
on  to  the  fmall  mirrour  L,  and  falling  upon  it  at 
hy  they  are  thence  reflected  in  the  converging  date 
hO  ;  and  going  on  through  the  hole  P  of  the  great 
mirrour,  they  would  meet  fomewhere  about  y,  and 
form  there  the  upper  extremity  a  of  the  erect  image 
ahy  fimilar  to  the  upper  extremity  A  of  the  objeff 
AB :  but  by  pafling  through  the  convex-glafs  R  in 
their  way,  they  meet  and  crofs  fooner,  as  at 
where  that  point  of  the  ereft  image  is  formed. — ^ 

The  like  being  underftood  of  all  thofe  rays  which 
flow  from  the  intermediate  points  of  the  objedt, 
between  A  and  P,  and  enter  the  tube  T  F ;  all  the 
intermediate  points  of  the  image  between  a  and  b 
will  be  formed :  and  the  rays  palTing  on  from  th^ 
image,  through  the  eye-glafs  6*,  and  through  a 
fmall  hole  e  in  the  end  of  the  lelTer  tube  tty  they 
enter  the  eye /,  which  fees  the  image  ah  (by  means 
of  the  eye-glafs)  under  the  large  angle  cedy  and 
magnified  in  length,  under  that  angle,  from  c  to  d. 

In  the  beft  reflefling  telefcopes,  the  focus  of  the 
fmall  mirrour  is  never  coincident  with  the  focus  m 
of  the  great  one,  where  the  firft  image  IK  is 
formed,  but  a  little  beyond  it  (with  refpeft  to  the 
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eye)  as  at  n:  the  confequence  of  which  is,  that 
the  rays  of  the  pencils  will  not  be  parallel  after 
reflexion  from  the  fmall  mirrour,  but  converge  fo 
as  to  meet  in  points  about  y,  r  *,  where  they  would 
form  a  larger  upright  image  than  ab,,  if  the  glafs 
R  was  nor  in  their  way  :  and  this  image  might  be 
viewed  by  means  of  a  Tingle  eye- glafs  properly 
placed  between  the  image  and  the  eye  r  but  then 
the  field  of  view  would  be  lefs,  and  confequently 
not  fo  pleafant  ^  for  which  reafon,  the  glafs  R  is 
ftill  retained,  to  enlarge  the  fcope  or  area  of  the 
field. 

To  find  the  magnifying  power  of  this  telefcope, 
multiply  the  focal  diftance  of  the  great  mirrour 
by  the  diftance  of  the  fmall  mirrour  from  the 
image  next  the  eye,  and  multiply  the  focal  dif¬ 
tance  of  the  fmall  mirrour  by  the  focal  diftance 
of  the  eye- glafs  ;  then,  divide  the  produdf  of  the 
former  multiplication  by  the  produdl  of  the  latter, 
and  the  quotient  will  exprefs  the  magnifying 


power. 

I  fhall  here  fet  down  the  dimenfions  of  one  of 
Mr.  Shorf^  reflecting  telefcopes,  as  it  is  men¬ 
tioned  in  Dr.  SmitR^  optics. 

The  focal  diftance  of  the  great  mirrour  9.6 
inches,  its  breadth  2.3  ;  the  focal  diftance  of  the 
fmall  mirrour  1.5,  its  breadth  0.6:  the  breadth  of 
the  hole  in  the  great  mirrour  0.5  *,  the  diftance  be¬ 
tween  the  fmall  mirrour  and  the  next  eye-glafs 
14.2  •,  the  diftance  between  the  two  cye-glaffes  2.4 ; 
the  focal  diftance  of  the  eye-glafs  next  the  metals 
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3.8  j  and  the  focal  diftance  of  the  eye-glafs  next 
the  eye  i.i. 

*  91 

One  great  advantage  of  the  refle6ling  telefcope 
is,  that  it  will  admit  of  an  cye-glafs  of  a  much 
fhorter  local  diftance  than  a  refradiing  telefcope 
will ;  and,  confequently,  it  will  magnify  fo  much 
the  more  :  for  the  rays  are  not  coloured  by  re- 
fiedlion  from  a  concave  mirrour,  if  it  be  ground 
to  a  true  figure,  as  they  are  by  pafTing  through  a 
convex-glafs,  let  it  be  ground  ever  fo  true. 

The  adj Lifting  ferew  on  the  outfide  of  the  great 
tube  fits  this  telefcope  to  all  forts  of  eyes,  by  bring¬ 
ing  the  fmall  mirrour  either  nearer  to  the  eye,  or 
removing  it  farther  ;  by  which  means,  the  rays  are 
made  to  diverge  a  little  for  fliort  fighted  eyes,  or 
to  converge  for  thofe  of  a  long  fight. 

The  nearer  an  object  is,  to  the  telefcope,  the 
more  its  pencils  of  rays  will  diverge  before  they 
fall  upon  the  great  mirrour,  and  therefore  they 
will  be  the  longer  of  meeting  in  points  after  re- 
fledlion  •,  fo  that  the  firft  image  IK  will  be  formed 
at  a  greater  diftance  from  the  large  mirrour,  when 
the  objeeft  is  near  the  telefcope,  than  when  it  is  very 
remote.  But  as  this  image  muft  be  formed  far¬ 
ther  from  the  fmall  mirrour  than  its  principal  fo¬ 
cus  this  mirrour  muft  be  always  fee  at  a  greater 
diftance  from  the  large  one,  in  viewing  near  ob¬ 
jects,  than  in  viewing  remote  ones.  And  this  is 
done  by  turning  the  ferew  on  the  outfide  of  th^ 
tube,  until  the  fmall  mirrour  be  fo  adj lifted,  that 
the  objed  (or  rather  its  image)  appears  perfc(ft. 

R  4  .  In 
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In  looking  through  any  telefcope  towards  an 
objedl,  we  never  fee  the  objedl  itfelf,  but  only  that  ' 
image  of  it  which  is  formed  next  the  eye  in  the 
telefcope.  For,  if  a  man  holds  his  finger  or  a 
ftick  between  his  bare  eye  and  an  objedl,  it  will 
hide  part  (if  not  the  whole)  of  the  objedl  from  his 
'  view.  But  if  he  ties  a  flick  acrofs  the  mouth  of 
a  telefcope,  before  the  objedl-glafs,  it  will  hide  no 
part  of  the  imaginary  objedt  he  fav/  through  the 
telefcope  before,  unlefs  it  covers  the  whole  mouth 
of  the  tube  :  the  only  effedl  it  will  have,  is,  to 
make  the  objed;  appear  dimmer,  becaufe  it  inter¬ 
cepts  part  of  the  rays.  Whereas,  if  he  puts  only 
a  piece  of  wire  acrofs  the  infide  of  the  tube,  be¬ 
tween  the  eye-glafs  and  his  eye,  it  will  hide  part 
of  the  objed:  which  he  thinks  he  fees  :  which 
proves  that  he  fees  not  the  real  objed:,  but  its 
image.  This  is  alfo  confirmed  by  means  of  the 
fmall  mirrour  T,  in  the  refleding  telefcope,  which 
is  made  of  opake  metal,  and  ftands  diredly  be¬ 
tween  the  eye  and  the  objed  towards  which  the 
telefcope  is  turned  :  and  will  hide  the  whole  objed 
from  the  eye  at  if  the  two  glalfes  R  and  S  are 
taken  out  of  the  tube. 

Plate  xrx.  The  multiplying  glafs  is  made  by  grinding 
The  the  round  fide  hik  of  a  convex  glafs  AB^ 

flying  glafs,  ixito  fevcral  flat  furfaces,  as  hld^  dk.  An 
objed  C  will  not  appear  magnified,  when  feen 
through  this  glafs,  by  the  eye  at  H\  but  it  will 
appear  multiplied  into  as  many  different  objeds  as 
the  glafs  contains  plane  furfaces.  For,  fince  rays 
will  flow  from  the  objed  C  to  all  parts  of  the 

glafs. 
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glafs,  and  each  plane  furface  will  refra6l:  thefe  rays 
to  the  eye,  the  fame  obje6t  will  appear  tb  the  eye, 
in  the  diredion  of  the  rays  which  enter  it  through 
each  furface.  Thus,  a  ray^/Ti/,  falling  perpendi¬ 
cularly  on  the  middle  furface,  will  go  through  the 
glafs  to  the  eye  without  fulfering  any  refradlion  ; 
and  will  therefore  fhew  the  obje6l  in  its  true  place 
at  C:  whilft  a  ray  al?  flowing  from  the  fame  ob- 
je6t,  and  falling  obliquely  on  the  plane  furface  hh^ 
will  be "  refrafled  in  the  dire6lion  by  paffing 
through  the  glafs  *,  and  upon  leaving  it,  will  go 
on  to  the  eye  in  the  diredion  which  whll  caufe 
the  fame  object  C  to  appear  alfo  at  in  the  di- 
recflion  of  the  ray  He^  produced  in  the  right  line 
Elen.  And  the  ray  r  flowing  from  the  objedt 
C,  and  falling  obliquely  on  the  plane  furface  dk^ 
will  be  refradfed  (by  paffing  through  the  glafs  and 
leaving  it  at/J  to  the  eye  at  H which  will  caufe 
the  fame  obje(fl;  to  appear  at  D,  in  the  diredlion 
Elfm. — If  the  glafs  be  turned  round  the  Yme  glH^ 
as  an  axis,  the  objedt  C  will  keep  its  place,  becaufe 
the  furface  t?ld  is  not  removed  ;  but  all  the  other 
objedls  will  f^m  to  go  round  C,  becaufe  the  ob¬ 
lique  planes,  on  which  the  rays  cd  fall,  will  go 
round  by  the  turning  of  the  glafs. 

The  camera  obfcura  is  made  by  a  convex  glafs  Fig.  2. 
CZ),  placed  in  a  hole  of  a  window-ffiutter. 
if  the  room  be  darkened  fo,  as  no  light  can  enter 
but  what  comes  through  the  glafs,  the  pidlures  of 
all  the  objedls  (as  fields,  trees,  buildings,  men, 
cattle,  on  the  outfide,  will  be  fhewn  in  an 
inverted  order,  on  a  white  paper  placed  at  G/Zin 

the 
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the  focus  of  the  glafs:  and  will  afford  a  mofl 
beautiful  and  perfedl  piece  of  pcrfpedlivc  or  land- 
fcape  of  whatever  is  before  the  glafs  \  efpecially  if 
the  fun  fhincs  upon  the  objedls. 

If  the  convex  glafs  CZ)  be  placed  in  a  tube  in 
the  fide  of  a  fquare  box,  within  which  is  the  plane 
mirrour  ZF,  reclining  backwards  in  an  angle  of 
45  degrees  from  the  perpendicular  the  pencils 
of  rays  flowing  from  the  outv/ard  objedls,  and 
pafling  through  the  convex-glafs  to  the  plane  mir¬ 
rour,  will  be  refledled  upwards  from  it,  and  meet 
in  points  as  1  and  if  (at  the  fame  diftance  that  they 
would  have  met  at  H  and  G,  if  no  mirrour  had 
been  in  the  way)  and  will  form  the  aforefaid  ima¬ 
ges  on  an  oiled  paper  flretched  horizontally  in  the 
diredtion  /F-,  on  which  paper,  the  out-lines  of 
the  images  may  be  eafily  drawn  with  a  black  lead 
pencil  ;  and  then  copied  on  a  clean  fheet,  and  co¬ 
loured  by  art,  as  the  objedls  themfelves  are  by  na¬ 
ture.— In  this  machine,  it  is  ufual  to  place  a  plane 
glafs  unpolifhed,  in  the  horizontal  fituation 
which  glafs  receives  the  images  of  the  outward  ob- 
jedls;  and  their  out-lines  may  be  traced  upon  it 
by  a  black  lead  penciL 

N.  B.  The  tube  in  which  the  convex-glafs  CD 
is  fixed,  muft  be  made  to  draw  out,  or  pufh  in, 
fo  as  to  adjufl;  the  diftance  of  that  glafs  from  the 
plane  mirrour,  in  proportion  to  the  diftance  of 
the  outward  objedls ;  which  the  operator  does,  un¬ 
til  he  fees  their  images  diftindlly  painted  on  the  ho¬ 
rizontal  glafs  at  IK, 
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The  forming  a  horizontal  image,  as  IK^  of  an 
upright  objed;  AB^  depends  upon  the  angles  of 
incidence  of  the  rays  upon  the  plane  mirrour  EF^ 
being  equal  to  their  angles  of  refletSlion  from  it- 
For,  if  a  perpendicular  be  fuppofed  to  be  drawn 
to  the  furface  of  the  plane  mirrour  at  where  the 
ray  AaCe  falls  upon  it,  that  ray  will  be  reflefled 
upwards  in  an  equal  angle  with  the  other  fide  of 
the  perpendicular,  in  the  line  edL  Again,  if  a 
perpendicular  be  drawn  to  the  mirrour  from  the 
point/,  where  the  Ah f  falls  upon  it,  that  ray 

will  be  reflefled  in  an  equal  angle  from  the  other 
fide  of  the  perpendicular,  in  the  line  fhL  And 
if  a  perpendicular  be  drawn  from  the  point 
where  the  ray  Acg  falls  upon  the  mirrour,  that 
ray  will  be  refledled  in  an  equal  angle  from  the 
other  fide  of  the  perpendicular,  in  the  line  A 
So  that  all  the  rays  of  the  pencil  abc^  flowing  from 
the  upper  extremity  of  the  objed;  AB^  and  pafTing 
through  the  cbnvex-glafs  CZ),  to  the  plane  mir- 
rour  EFy  will  be  refledied  from  the  mirrour,  and 
meet  at  /,  where  they  will  form  the  extremity  /  of 
the  image  /if,  fimilar  to  the  extremity  A  of  the 
objed;  AB,  The  like  is  to  be  underftocd  of  the 
pencil  qrs^  flowing  from  the  lower  extremity  of 
the  objed:  AB^  and  meeting  at  K  (after  reflection 
from  the  plane  mirrour)  the  rays  form  the  ex» 
tremity  K  of  the  image,  fimilar  to  the  extremity 
B  of  the  object  :  and  fo'  of  all  the  pencils  that 
flow  from  the  intermediate  points  of  the  objeCt  to 
the  mirrour,  through  the  convex  glafs. 
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The  opera-  If  a  convex-glafs,  of  a  fhort  focal  diftance,  be 
placed  near  the  plane  mirrour,  in  a  fhort  tube,  and 
a  convex-glafs  be  placed  in  a  hole  in  the  iide  of 
the  tube,  fo  as  the  image  may  be  formed  between 
the  laft  mentioned  convex-glafs,  and  the  plane  mir- 
rour  ^  the  image  being  viewed  through  this  glafs^ 
will  appear  magnified.— In  this  manner,  the  opera- 
-  glaffes  are  conllruded  5  with  which  a  gentleman 
may  look  at  any  lady  at  a  diftance  in  the  company, 

.  and  the  lady  know  nothing  of  it. 

The  com-  Thc  image  of  any  objedl  that  is  placed  before  a 

mon  looking  mirrour,  appears  as  big  to  the  eye  as  the  ob- 

,  jed:  itfelf;  and  is  ered,  diftind,  and  feemingljr 

as  far  behind  the  mirrour,  as  the  objed  is  before 
it  :  and  that  part  of  the  mirrour,  which  refleds 
the  image  of  the  objed  to  the  eye,  (the  eye  being 
fuppofed  equally  diftant  from  the  glafs  with  the 
objed;  is  juft  half  as  long  ar  d  half  as  broad  as  the 
^ig-3*  objed  itfelf  AB  be  an  objed  placed  before 
the  rerieding  furlacc  ghi  of  the  plane  mirrour 
CD  ^  and  let  the  eye  be  at  0,  Let  be  a  ray  of 
light  flowing  from  the  top  A  of  the  objed,  and 
falling  upon  the  mirrour  at  ^  and  hm  ht  2i  per¬ 
pendicular  to  the  furface  of  the  mirrour  at  h:  the 
ray  Ah  will  be  refieded  from  the  mirrour  to  the 
eye  at  0^  making  an  angle  mho  equal  to  the  angle 
Ahm:  then  will  the  top  of  the  image  E  appear  to 
the  eye  in  the  diredion  of  the  refieded  ray  oh 
>  produced  to  D,  where  the  right  line  ApE^  from 
the  top  of  the  objed,  cuts  the  right  line  ohE^  at 
E,  Let  Bi  be  a  ray  of  light  proceeding  from  the 
foot  of  the  objed  at  B  to  the  mirrour  at  i  j  and 

ni 
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ni  z  perpendicular  to  the  mirrour  from  the  point  4 
where  the  ray  Bi  falls  upon  it :  this  ray  will  be  re- 
fie<5led  in  the  line  io^  making  an  angle  nio^  equal 
to  the  angle  Bin^  v/ith  that  perpendicular,  and  en¬ 
tering  the  eye  at  o  :  then  will  the  toot  F  of  the 
image  appear  in  the  diredlion  of  the  refiedled  ray 
produced  to  F,  where  the  right  line  BF  cuts 
the  refieifled  ray  produced  to  F.  All  the  other 
rays  that  flow  from  the  intermediate  points  of  the 
objedl  AB^  and  fall  upon  the  mirrour  between^ 
and  will  be  refledled  to  the  eye  at  o ;  and  all  the 
intermediate  points  of  the  image  EF  will  appear 
to  the  eye  in  the  diredlion  of  thefe  refledled  rays 
produced.  But  ail  the  rays  that  flow  from  the  ob- 
jedf,  and  fall  upon  the  mirrour  above  will  be 
refledled  back  above  the  eye  at  o  \  and  all  the  rays 
that  flow  from  the  objedl,  and  fall  upon  the  mir¬ 
rour  below  will  be  refledled  back  below  the  eye 
at  0  :  fo  that  none  of  the  rays  that  fall  above 
or  below  i,  can  be  refledbed  to  the  eye  at  o ;  and 
the  diftance  between  h  and  i  is  equal  to  half  the 
length  of  the  objedt  AB, 

Hence  it  appears,  that  if  a  man  fees  his  whole  Ampwiti 
image  in  a  plane  looking-glafs,  the  part  of  thei^age  m^ 
glafs  that  refledbs  his  image  muil  be  juft  half  as  look- 
long  and  half  as  broad  as  himfelf;  let  him  ftandthft^s  bi 
at  any  diftance  from  it  whatever :  and  that  his 
image  muft  appear  juft  as  far  behind  the  glafs  as 
he  is  before  it.  Thus,  the  man  AB.  viewing  him-  Fig.  4. 
felf  in  the  plane  mirrour  CD,  which  is  juft  half 
as  long  as  himfelf,  fees  his  whole  image  as  at  FF, 
behind  the  glafs,  exadtly  equal  to  his  own  fize.  . 

For, 
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For,  a  ray  ACy  proceeding  from  his  eye  at  Ay 
and  falling  perpendicularly  upon  the  furface  of  the 
giafs  at  C,  is  refledled  back  to  his  eye  in  the  fame 
line  CAy  and  the  eye  of  his  image  will  appear  at 
Ey  in  the  fame  line  produced  to  Ey  beyond  the 
giafs.  And  a  vzy  BDy  flowing  from  his  foot,  and 
falling  obliquely  bn  the  giafs  at  Z),  will  be  re- 
fledled  as  obliquely  on  the  other  fide  of  the  per¬ 
pendicular  abDf  in  the  dire(5lion  DAy  and  the 
foot  of  his  image  will  appear  at  F,  in  the  diredlion 
of  the  refledled  ray  ADy  produced  to  F,  where  it 
is  cut  by  the  right  line  BGFy  drawn  parallel  to 
the  right  line  ACE.  Juft  the  fame  as  if  the  giafs 
were  taken  away,  and  a  real  man  ftood  at  F,  equal 
in  fize'to  the  man  ftanding  at  B  :  for  to  his  eye 
at  Ay  the  eye  of  the  other  man  at  F  would  be  feen 
in  the  diredtion  of  the  line  ACEy  and  the  foot  of 
the  man  at  F  would  be  feen  by  the  eye  Ay  in  the 
direction  of  the  line  ADF. 

If  the  glals  be  brought  nearer  the  man  A  By  as 
fuppofe  to  cby  he  will  fee  his  image  as  at  CDG : 
for  the  refledled  ray  CA  (being  perpendicular  to 
the  giafs)  will  fhew  the  eye  of  the  image  as  at  C-, 
and  the  incident  ray  Bby  being  refledled  in  the  line 
b  Ay  will  ftiew  the  foot  of  his  image  as  at  G  *,  the 
angle  of  refiedlion  abA  being  always  equal  to  the 
angle  of  incidence  Bba:  and  fo  of  all  the  inter¬ 
mediate  rays  from  A  to  B.  Hence,  if  the  man 
AB  advances  toy/ards  the  giafs  CD,  his  image  will 
approach  towards  it;  and  if  he  recedes  from  the 
giafs,  his  image  will  alfo  recede  from  it. 

Having 
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Having  already  fliewn,  that  the  rays  of  light  are 
refradled  when  they  pafs  obliquely  through  different 
mediums,  we  come  now  to  prove  that  fome  rays 
are  more  refradled  than  others  ;  and  that,  as  they 
are  differently  refradled,  they  excite  in  our  minds 
the  ideas  of  different  colours.  This  will  account 
for  the  colours  feen  about  the  edges  of  the  images 
of  thofe  objedls  which  are  viewed  through  tele- 
fcopes. 

Let  the  fun  fhine  into  a  dark  room  through  a  Fig.  5, 
fmall  hole,  as  at  ee^  m  a  window- fhutter ;  and 
place  a  triangular  prifm  BC^  in  the  beam  of  rays 
in  fuch  a  manner,  that  the  beam  may  fall  ob- The 
Jiquely  on  one  of  the  Tides  abC  of  the  prifm. 

The  rays  will  fuffer  different  refrad:ions  by  pafling 
through  the  prifm,  fo  that  inftead  of  going  all  out 
of  it  on  the  fde  dcC^  in  one  diredion,  they  will 
go  on  from  it  in  the  different  diredions  reprefented 
by  the  lines  and  falling  upon 

the  oppofite  fide  of  the  room,  or  on  a  white  paper 
placed  as  at  to  receive  them,  they  will  paint 
upon  it  a  feries  of  moft  beautiful  lively  colours 
(not  to  be  equalled  by  art)  in  this  order,  thofe 
which  are  leaf;  refraded  by  the  prifm,  and  will  The  cclrntrs 
therefore  go  on  between  the  lines  n  and  will  be  ^ 
of  a  very  bright  intenfe  red  at  degenerating  from 
thence  gradually  into  an  orange  colour,  as  they 
are  nearer  the  line  m:  the  next  will  be  of  a  fine 
orange  colour  at  and  from  thence  degenerate 
into  a  yellow  colour  towards  /:  at  /  they  will  be 
of  a  fine  yellow,  v/hich  will  incline  towards  a 
green,  more  and  more,  as  they  are  neai'er  and 

nearer 
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nearer  k  :  sit  k  they  will  be  a -pure  green,  but  from 
thence  towards  /  they  will  incline  gradually  to  a 
blue  :  at  i  they  will  be  a  perfe6l  blue,  inclining  to 
an  indigo-colour,  from  thence  towards  h  :  at  ^  they 
will  be  quite  the  colour  of  indigo^  which  will  gra¬ 
dually  change  towards  a  violet,  the  nearer  they 
are  to  g:  and  at  g  they  will  be  of  a  fine  violet 
colour,  which  will  ihcline  gradually  to  a  red,  the 
nearer  they  are  to  /,  where  the  colckired  image 
ends. 

There  is  not  an  equal  quantity  of  rays  in  each 
of  thefe  colours  *,  for,  if  the  oblong  image  pq  be 
divided  into  360  equal  parts,  the  red  fpace  R  will 
take  up  45  of  thefe  parts  ;  the  orange  O,  27  *,  the 
yellow  T,  48  ;  the  green  G,  60  *,  the  blue  By  60  \ 
the  indigo  /,  40  *,  and  the  violet  Vy  80  :  all  which 
fpaces  are  as  nearly  proportioned  in  the  figure  as 
the  fmall  fpace  qp  would  admit  of. 

If  all  thefe  colours  be  blended  together  again, 
they  will  make  a  pure  white ;  as  is  proved  thus. 
Take  away  the  paper  on  which  the  colours  pq  fell, 
and  place  a  large  convex-glafs  D  in  the  rays/,^,i?, 
&c.  which  will  rcfradl  them  fo,  as  to  make  them 
unite  and  crofs  each  other  at  IV:  and  if  a  white 
paper  be  placed  there  to  receive  them,  they  will 
excite  the  idea  of  a  ftrong  lively  white.  But  if 
the  paper  be  placed  farther  from  the  glafs,  as  at 
rsy  the  different  colours  will  appear  again  upon  it, 
in  an  inverted  order,  occafioned  by  the  rays  croffing 
at  kV. 

As  white  is  a  compofition  of  all  colours,  fo 
black  is  a  privation  of  them  all,  and,  therefore, 
properly  no  colour.  Let 
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Let  two  concentric  circles  be  drawn  on  a  fmoothFig.  6. 
round  board  ABCD EFG^  and  the  outermoll  of 
them  divided  into  360  equal  parts  or  degrees : 
then,  draw  feven  right  lines,  as  G  yf,  O  3cc» 
from  the  center  to  the  outermoft  circle,  making 
the  lines  o  and  G  B  include  80  degrees  of  that 
circle  v  the  lines  0  B  and  o  C  40  degrees ;  G  C 
and  G  D  60  •,  Q  D  and  oE  60  o  E  and  o  F  48  ; 
gF  and  gG  27*,  oGand  oA  45.  Then,  be¬ 
tween  thefe  two  circles.,  paint  the  fpace  AG  red, 
inclining  to  orange  near  G  *,  GF  orange,  inclining 
to  yellow  near  F;  FE  yellow,  inclining  to  green 
near  F;  ED  green,  inclining  to  blue  near  D% 

DC  blue,  inclining  to  indigo  near  C;  CB  indigo,  - 
inclining  to  violet  near  B  and  BA  violet,  in¬ 
clining  to  a  foft  red  near  A.  This  done,  paint  all  All  the 
that  part  of  the  board  black  which  lies  within  the 
inner  circle  ;  and  putting  an  axis  through  the  cen-  blended  to- 
ter  of  the  board,  let  it  be  turned  very  fwiftly  round 
that  axis,  fo  as  the  rays,  proceeding  from  the  above  white, 
colours,  may  be  all  blended  and  mixt  together  in 
coming  to  the  eye  *,  and  then,  the  whole  coloured 
part  will  appear  like  a  white  ring,  a  little  greyilh  ; 
not  perfedtly  white,  becaufe  no  colours  prepared  by 
art  are  perfedl. 

Any  of  thefe  colours,  except  red  and  violet, 
may  be  made  by  mixing  together  the  two  contigu¬ 
ous  prifmatic  colours.  Thus,  yellow  is  made  by 
mixing  together  a  due  proportion  of  orange  and 
green ;  and  green  may  be  made  by  a  mixture  of 
yellow  and  blue. 

a  All 
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All  bodies  appear  of  that  colour,  whofe  rayg 
they  refledl  moil ;  as  a  body  appears  red  when  it 
rededls  mod:  of  the  red- making  rays,  and  abforbs 
the  reft. 


Tranfpa-  Any  t WO  Or  more  colours  that  are  quite  tranfpar 
[ours'^be  themfelvcs,  become  opake  when  put  to^ 

comeopakc  gether.  Thus,  if  water  or  fpirits  of  wine  be  tinged 
getC  ^  every  objedf  feen 

through  it  will  appear  red  j  becaufe  it  lets  only 
the  red  rays  pafs  through  it,  and  ftops  all  the  reft. 
If  water  or  fpirits  be  tinged  blue,  and  put  in  a 
phial,  all  objedts  feen  through  it  will  appear  blu 
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becaufe  it  ti'anfinits  only  the  blue  rays,  and  ftops 
all  the  reft.  But  if  thefe  two  phials  are  held  clofe 
together,  fo  as  both  of  them  may  be  between  the 
eye  and  objed:,  the  objedl  will  no  more  be  feen 
through  them  than  through  a  plate  of  metal  ;  for 
whatever  rays  are  tranfmitted  through  the  fluid  in 
the  phial  next  the  objedl,  are  flopped  by  that  in 
the  phial  next  the  eye.  In  this  experiment,  the 
phials  ought  not  to  be  round,  but  fquare;^  becaufe 
nothing  but  the  light  itfelf  can  be  feen  through  a 
round  tranfparent  body,  at  any  diftance. 

As  the  rays  of  light  fufter  different  degrees  of 
refradlion  by  paffing  obliquely  through  a  prifm,  or 
through  a  convex- glafs,  and  are  thereby  feparated 
into  all  the  feven  original  or  primary  colours ;  fo 
they  alfo  fuffer  different  degrees  of  refradlion  by 
paffing  through  drops  of  falling  rain  ;  and  then, 
being  reflected  towards  the  eye,  from  the  ftdes  of 
thefe  drops  which  are  fartheft  from  the  eye,  and 
again  fefradled  *  by  paffing  out  of  thefe  drops  intq 
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the  air,  In  which  refradled  direftions  they  come  The 
to  the  eye  ;  they  make  all  the  colours  to  appear 
I  in  the  form  of  a  fine  arch  in  the  heavens,  which 
!  is  called  the  rain-how. 

There  are  always  two  rain-bows  feen  together,  Fig.  7. 

I  the  interior  of  which  is  formed  by  the  rays  ah^ 

\  which  falling  upon  the  upper  part  of  the  drop 
I  hcd^  are  refradled  into  the  line  he  as  they  enter 
the  drop,  and  are  refleded  from  the  back  of  it  at 
c,  in  the  line  ed^  and  then,  by  pafiing  out  of  the 
drop  into  air,  they  are  again  refra6ted  at  d ;  and 
I  from  thence  they  pafs  on  to  the  eye  at  e ;  fo  that 
to  form  the  interior  bow,  the  rays  fuffer  two  re- 
fradlions,  as  at  b  and  d  \  and  one  refledion,  as 
at  c. 

The  exterior  bow  is  formed  by  rays  which  fuf¬ 
fer  two  refledions,  and  two  refradions  ;  which  is 
the  occafion  of  its  being  lefs  vivid  than  the  inte¬ 
rior,  and  alfo  of  its  colours  being  inverted  with 
refped  to  thofe  of  the  interior.  For,  when  a  Fig.  Sx 
ray  ah^  falls  upon  the  lower  part  of  the  drop  hede^ 
it  is  refraded  into  the  diredion  by  entering  the 
1  drop  j  and  pafiing  on  to  the  back  of  the  drop  at 
^  c,  it  is  thence  refleded  in  the  line  c  d^  in  which  di¬ 
redion  it  is  impoffible  for  it  to  enter  the  eye  at/: 

I  but  by  being  again  refleded  from  the  point  d  of 
the  drop,  it  goes  on  in  the  drop  to  f,  where  it 
I  palTes  out  of  the  drop  into  the  air,  and  is  there  re- 
j  fraded  downward  to  the  eye,  in  the  diredion  ef, 

! 
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L  E  C  T.  VIIL 

The  defcription  and  ufe  of  the  globes.^  and  armilUr^ 

T  F  a  map  of  the  world  be  accurately  delineated 
on  a  fpherical  ball,  it  will  be  a  true  reprefen ta~ 
tion  of  the  earth  :  for  the  higheft  hills  are  fo  in- 
confiderable  Vv^ith  refpeft  to  the  bulk  of  the  earth,^ 
that  they  take  off  no  more  from  its  roundnefs,  thaa 
grains  of  fand  do  from  the  roundnefs  of  a  common 
globe  •,  for  the  diameter  of  the  earth  is  8000  miles, 
id  round  numbers,  and  np  knpwn  hill  uppn  it 
is  three  miles  in  perpendicular  height. 

That  the  earth  is  fpherical,  or  round  like  a 
glebe,  appears,  i.  from  its  cafling  a  round  fhadow 
upon  the  moon,  whatever  fide  be  turned  towards 
her  when  Ihe  iseclipfed.  2.  From  its  having  been 
failed  round  by  feveral  perfons.  3.  From  our  fee¬ 
ing  the  farther,  the  higher  we  ftand.  4.  From 
our  feeing  the  mafts  of  a  fhip,  whilft  the  hull  is 
hid  by  the  convexity  of  the  water. 

The  attractive  power  of  the  earth  draws  all  ter- 
reftrial  bodies  towards  its  center  ;  as  is  evident  from 
the  defeent  of  heavy  bodies  in  lines  perpendicular- 
to  the  earth’s  farface,  at  the  places  whereon  they 
fall  •,  even  when  they  are  thrown  off  from  the, 
earth  on  oppofite  fides,  and  confequently,  in  op- 
pofite  directions.  So  that  the  earth  may  be  com¬ 
pared  to  a  great  magnet  rolled  in  filings  of  fteel^, 
which  attracts  and  keeps  them  equally  fall  to  its 

furface 
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flirface  on  all  Tides.  Hence,  as  all  terreilrial  bo¬ 
dies  are  attracted  toward  the  earth’s  center,  they 
can  be  in  no  danger  of  falling  from  the  earth  on  any 
one  part,  or  fide  of  the  earth,  more  than  from  any 
other. 

The  heaven  or  Tky  furrounds  the  whole  earth  :  up  and 
and  when  we  fpeak  of  tip  ox  down.,  we  mean  only^^^hlt? 
with  regard  to  oui*felves ;  for  no  point,  either  in 
the  heaven,  or  on'  the  furface  of  the  earth,  is  above 
or  below ^  but  only  with  refpedl  to  us.  And  let  us  be 
upon  what  part  of  the  earth  we  will,  we  hand 
with  our  feet  toward  its  center,  and  our  heads 
toward  the  fky  :  and  To  we  fay,  it  is  up  toward  the 
fky,  and  down  toward  the  center  of  the  earth. 

To  an  obferver  placed  any  vrhere  in  an  indefinite  obje^ls 
fpace,  where  there  is  nothing  to  limit  His  view,  all  v”n%p2r 
objedts  that  are  very  remote  appear  equally  diftant 
from  him  ;  and  Teem  to  be  placed  in  a  vaft  con- 
cave  fphere,  of  which  his  eye  is  the  center.  Every 
aftronomer  can  demonftrate,  that  the  moon  is 
much  nearer  to  us  than  the  fun  is  \  that  Tome  of 
the  planets  are  fometiraes  nearer  to  us,  and  Tome- 
times  farther  from  us,  than  the  fun  ;  that  others 
of  them  never  come  fo  near  us  as  the  fun  always 
is  ;  that  the  remotefl  planet  in  our  fyftemi,  is  be¬ 
yond  comparifon  nearer  to  us  than  any  of  the  fixed 
Ears  are  ;  and  that  it  is  highly  probable  fome  Ears 
are,  in  a  manner,  infinitely  more  diEant  from  us 
than  others.  And  yet,  all  thefe  celeflial  objedls 
appear  equally  diEant  from  us.  Therefore,  if  we 
imagine  a  large  hollow  fphere  of  glafs,  to  have  as 
many  golden  Euds  fixed  to  its  infide,  as  there  are 

S  3  Ears 
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Thefaceof  ftars  vifible  iii  the  heavens,  and  thefe  ftuds  to  be 

tll6  lxC2lV61^  ^  •  1  1  ^  _1  1 

and  earth  dirrerent  magnitudeSj  and  placed  at  the  lame 
reprefented  angular  diftanccs  from  each  other  as  the  ftars 
chine.  are  \  it  will  be  a  juft  reptefentation  of  the  ftarry 
heavens,  to  an  eye  fuppofed  to  be  in  its  center,  and 
viewing  it  all  around.  And  if  a  fmall  globe,  with 
a  map  of  the  earth  upon  it,  be  placed  on  an  axis 
in  the  center  of  this  ftarry  fphere,  and  the  fphere 
be  made  to  turn  round  on  this  axis,  it  will  repre¬ 
fen  t  the  apparent  motion  of  the  heavens  round  the 
earth. 

If  a  great  circle  be  fo  drawn  upon  this  fphere, 
as  to  divide  it  into  two  equal  parts,  or  hemifpheres, 
and  the  plane  of  the  circle  be  perpendicular  to  the 

fphere,  this  will  reprefent  the  equi¬ 
noctial  circle^  which  divides  the  heaven  into  two 
equal  parts,  called  the  northern  and  the  fouthern 
hemifpheres ;  and  every  point  of  that  circle  will  be 
equally  diftanc  from  the  poles^  or  ends  of  the  axis 
in  the  fphere.  That  pole  which  is  in  the  middle 
The  poles,  of  the  northern  herpifphere,  will  be  called  the  north 
pole  of  the  fphere^  and  that  which  is  in  the  middle 
'  of  the  fouthern  hemifphere,  the  fouth  pole. 

If  another  great  circle  be  drawn  upon  the 
fphere,  in  fuch  a  manner  as  to  cut  the  equinoctial 
at  an  angle  of  23 degrees  ;  in  two  oppofite 
The  points,  it  will  reprefent  the  ecliptic^  or  circle 
^  ’  of  the  fun’s  apparent  annual  motion  :  one  half  of 
which  is  on  the  north  fide  of  the  equinodtial,  and 
the  other  half  on  the  Ibuth. 

If  a  large  ftud  be  made  to  move  eaftward  in  this 
ecliptic,  in  fuch  a  manner  as  to  go  quite  round  it, 

in 
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in  the  time  that  the  fphere  is  turned  round  weft- 
ward,  366  times  upon  its  axis ;  this  ftud  will  repre- 
lent  the  funy  changing  his  place  every  day  a  365th  The 
part  of  the  ecliptic  \  and  going  round  weftvvard, 
the  fame  way  as  the  ftars  do  •,  but  with  a  motion 
fo  much  flower  than  the  motion  of  the  flats,  that  they 
will  make  366  revolutions  about  the  axis  of  the 
fphere,  in  the  time  that  the  fun  makes  only  365. 
During  one  half  of  thefe  revolutions,  the  fun  will 
be  on  the  north  fide  of  the  equino6lial  •,  during  the 
other  half,  on  the  fouth  \  and  at  the  end  of  each 
half,  in  the  equinodlial. 

If  we  fuppofe  the  terreftrial  globe,  in  this 
chine,  to  be  about  one  inch  in  diameter,  and  the 
diameter  of  the  ftarry  fphere  to  be  about  five  'or 
fix  feet  5  a  finall  infedl  on  the  globe  would  fee  only  . 
a  very  little  portion  of  its  furface  *,  but  would  fee 
one  half  of  the  ftarry  fphere  ;  the  convexity  of 
the  globe  hiding  the  other  half  from  his  view.  If 


the  fphere  be  turned  weft  ward  round  the  globe, 
and  the  infedl  could  judge  of  the  appearances  which 
arife  from  that  motion,  he  would  fee  fome  ftars  The  appa- 


rifing  to  his  view  in  the  eaftern  fide  of  the  fphere, 
whilft  others  wTre  fetting  from  his  view  on  the^ens. 
weftern  ;  but  as  all  the  ftars  are  fixed  to  the  fphere, 
the  fame  ftars  would  always  rife  in  the  fame  points  ^ 
of  his  view  on  the  eaft  fide,  and  fet  in  the  fame 
points  of  his  view  on  the  weft  fide.  With  the  fun 
it  would  be  otherwife,  becaufe  the  fun  is  not  fixed  to 
any  point  of  the  fphere,  bur  moves  fiowly  along 
an  oblique  circle  in  it.  And  if  the  infefl  fhould 
look  cowards  the  fouth,  and  call  that  point  of  the 


globs. 
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globe,  where  the  equinoftial  in  the  fphere  feems 
to  cut  it  on  the  left  fide,  the  eaji  point  \  and  where 
it  cuts  the  globe  on  the  right  fide,  the  weft  point ; 
the  little  animal  would  fee  the  fun  rife  north  of  the 
eaft,  and  fet  north  of  the  weft,  for  182^  revolu¬ 
tions  ;  after  which,  for  as  many  more,  the  fun 
would  rife  fouth  of  the  eaft,  and  fet  fouth  of  the 
weft.  And  in  the  whole  365  revolutions,  the  fun 
would  rife  only  twice  in  the  eaft  point,  and  fet 
twice  in  the  weft.  All  thefe  appearances  would 
be  the  fame,  if  the  ftarry  fphere  flood  ftill,  (the 
fun  only  moving  in  the  ecliptic)  and  the  earthly 
globe  were  turned  round  the  axis  of  the  fphere 
eaftward.  For,  as  the  infed  would  be  carried  round 
with  the  globe,  he  would  be  quite  infenfible  of  its 
motion  ;  and  the  fun  and  ftars  would  appear  to 
move  weftward. 

We  are  but  very  final  1  beings  compared  with  our 
earthly  globe,  and  it  is  but  a  dimenfionlefs  point 
compared  with  the  magnitude  of  the  ftarry  heavens. 
Whether  the  earth  be  at  reft,  and  the  heaven  turns 
round  it,  or  the  heaven  be  at  reft,  and  the  earth 
turns  round,  the  appearance  to  us  will  be  exadly 
the  fame.  And,  becaufe  the  heaven  is  fo  im- 
menfely  large,  in  comparifon  of  the  earth,  we  fee 
one  half  ot  the  heaven  as  well  from  the  earth’s 
furface,  as  we  could  do  from  its  center. 

'ike  We  may  imagine  as  many  circles  deferibed  upon 
the  earth  as  we  pleafe ;  and  we  may  imagine  the 
plane  of  any  circle,  deferibed  upon  the  earth,  to 
be  continued  until  it  marks  a  circle  in  the  concave 
fphere  of  the  heavens. 
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The  horizon  is  either  fenfible  or  rational.  The  The  horu 
fenfihle  horizon  is  that  circle  which  a  man,  ftanding 
upon  a  large  plain,  obferves  to  terminate  his  view 
all  around,  where  the  heaveh  and  earth  feem  to 
meet.  The  plane  of  our  fenfible  horizon  conti¬ 
nued  to  the  heaven,  divides  it  into  two  hemi- 
fpheres ;  one  vihble  to  us,  the  other  hid  by  the 
convexity  of  the  earth. 

The  plane  of  the  rational  horizon^  is  fappofed 
parallel  to  the  plane  of  the  fenfible  ;  to  pafs  through 
the  center  of  the  earth,  and  to  be  continued  to 
the  heavens.  And  although  the  plane  of  the  fen¬ 
fible  horizon  touches  the  earth  in  the  plane  of  the 
obferver,  yet  its  plane,  and  that  of  the  rational 
horizon,  v/ill  feem  to  coincide  in  the  heavens,  be- 
caufe  the  whole  earth  is  but  a  point  compared  to 
the  fphere  of  the  heavens. 

The  earth  being  a  fpherical  body,  the  horizon, 
or  limit  of  our  view,  muft  change  as  we  change 
our  place. 

poles  of  the  earthy  are  thofe  two  points  on  Poles. 
its  furface  in  which  its  axis  terminates.'  The  one  is 
called  the  north  pole^  and  the  other  the  foiith  pole. 

The  poles  of  the  heaven^  are  the  two  points  in 
which  the  earth’s  axis  produced  terminates  in  the 
heaven  ;  fo  that  the  north  pole  of  the  heaven  is  di- 
redlly  over  the  north  pole  of  the  earth ;  and  the 
fouth  pole  of  the  heaven  is  direftly  over  the  fouth 
pole  of  the  earth. 

The  equator  is  a  great  circle  upon  the  t&nly  Equator, 
every  part  of  which  is  equally  diflant  from  either 
of  the  poles.  It  divides  the  earth  into  two  equal 

parts. 
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parts,  called  the  northern  and  fouthern  hemfphereSo 
If  we  fuppofe  the  plane  of  this  circle  extended  to‘ 
the  heaven,  it  will  mark  the  equinoctial  therein  ^ 
and  divide  the  heaven  into  two  equal  parts,  called 
the  northern  and  fouthern  hemifphere^  of  the  hea¬ 
vens. 

Meridian.  The  meridian  of  any  place  is  si  great  circle 
palling  through  that  place  and  the  poles  of  the 
earth.  We  may  imagine  as  many  fuch  meridians 
as  we  pleafe,  becaufe  any  place  that  is  ever  fo  little 
to  the  eafi:  or  well  of  any  other  place,  mull  have 
a  different  meridian  from  it :  for  no  one  circle  can 
pafs  through  any  two  fuch  places  and  the  poles  of 
the  earth. 

The  meridian  of  any  place  is  divided  by  the 
poles,  into  two  femicircles  :  that  which  paffes- 
through  the  place  is  called  the  geographical^  or  up¬ 
per  meridian. :  and  that  which  pafles  through  the 
oppofite  place,  is  called  the  lower  meridian i 
Itiomy  and  When  the  rotation  of  the  earth  brings  the  plane 
mdnight.  geographical  meridian  to  the  fun,  it  is  noon 

or  mid-day  to  that  place  *,  and  when  the  lower  me¬ 
ridian  comes  to  the  fun,  it  is  midnight. 

All  places  lying  under  the  fame  geographical 
meridian,  have  their  noon  at  the  fame  time,  and 
confequently  all  the  other  hours.  All  thofe  places 
are  fald  to  have  the  fame  longitude^  becaufe  no  one 
of  them  lies  either  eaftward  or  vv^eftv^ard  from  any 
of  the  reif. 

Bmrcirda.  If  we  imagine  24  femicircles,  one  of  v/hich  is 
the  geographical  meridian  of  a  given  place,  to 
meet  at  the  poles,  and  to  divide  the  equator  into 

24 


Of  the  heavens  and  the  earth.  26 

24  equal  parts  *5  each  of  thefe  will  come  round  to  ^ 
the  fun  in  24  hours,  by  the  earth’s  equable  motion 
round  its  axis  in  that  time.  And,  as  the  equator 
contains  360  degrees,  there  will  be  15  degrees  con¬ 
tained  between  any  two  of  thefe  femicircles  which 
are  neareft  to  one  another :  for  24  times  1 5  is 
360.  And  as  the  earth’s  motion  is  eaftward,  the 
fun’s  apparent  motion  will  be  weft  ward,  at  the  rate 
of  15  degrees  each  hour.  Therefore, 

They  whofe  geographical  meridian  is  1 5  degrees  Longkuds, 
eaftward  from  us,  have  noon,  and  every  other  hour, 
an  hour  fooner  than  we  have.  They  whofe  meri¬ 
dian  is  15  degrees  weftward  from  us,  have  noon, 
and  every  other  hour,  an  hour  later  than  we  have  : 
and  fo  on  in  proportion,  reckoning  one  hour  for 
every  15  degrees. 

As  the  earth  turns  round  its  axis  once  in  24 
hours,  and  ftiews  itfelf  all  round  to  the  fun  in  that 
time  j  fo  it  goes  round  the  fun  once  a  year,  in  a 
great  circle  called  the  ecliptic^  which  croftes  EcUptk. 
equinodtial  in  two  oppofite  points,  making  an  an¬ 
gle  of  23y  degrees  with  the  equinodial  on  each 
fide.  So  that  one  half  of  the  ecliptic  v  is  in  the 
northern  hemifphere,  and  the  ocher  in  the  fouthern. 

It  contains  360  equal  parts,  called  degrees,  (as  all 
other  circles  do,  whether  great  or  fmall)  and  as  the 
earth  goes  once  round  it  every  year,  the  fun  wall 
appear  to  do  the  fame,  changing  his  place  almoft 
a  degree,  at  a  mean  rate,  every  24  hours.  So  that 
whatever  place  or  degree  of  the  ecliptic  the  earth 
is  in,  the  fun  will  appear  in  the  oppofite.  And 
i  as  one  half  of  the  ecliptic  is  on  the  north  fide  of 
:  the 
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the  eqmnodlial,  and  the  ocher  half  on  the  fouth  5 
the  fun,  as  feen  from  the  earth,  will  be  half  a 
year  on  the  fouth  fide  of  the  equinodial,  and  half 
a  year  on  the  north  :  and  twice  a  year  in  the  equi- 
nodial  itfelf. 

The  ecliptic  is  divided  by  aflronomers  into  12 
equal  parts,  called  ftgns,,  each  fign  into  30  degrees^ 
and  each  degree  into  60  minutes :  but  in  ufing  the* 
erlobes,  we  feldom  want  the  fun’s  place  nearer  than 
half  a  degree  of  the  truth. 

The  names  and  charadfers  of  the  12  figns,  are 
as  follow  ;  beginning  at  that  point  of  the  ecliptic 
where  it  crolTes  the  equinodial  to  the  northward, 
and  reckoning  eaftward  round  to  the  fame  point 
again.  And  the  days  of  the  months  on  which  the 


fun  now  enters  the  f]g;ns,  are  fet  down  below  them. 
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20 

18 

By  remembering  on  what  day  the  fun  enters  any 
particular  figri,  we  may  eafily  find  his  place  any 
day  afterward,  v;hi}ft  he  is  in  that  fign,  by  reckon¬ 
ing  a  degree  for  a  day  :  w'hich  will  occafon  no  er¬ 
ror  of  confequence  in  ufing  the  globes. 

When  the  fun  is  at  the  beginning  of  aries^  he  is 
in  the  equinodial ;  and  from  that  time  he  declines 

northward 
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northward  every  day,  until  he  comes  to  the  begin¬ 
ning  of  cancer^  which  is  23 degrees  from  the 
equinoctial.  From  thence  he  recedes  fouthward 
every  day,  for  half  a  year ;  in  the  middle  of  which 
half,  'he  croiTes  the  equinoftial  at  the  beginning  of 
Uhra ;  and  at  the  end  of  that  half  year,  he  is  at 
his  greatefl:  Ibuth  declination,  in  the  beginning  of 
capricorn^  which  is  alfo  23-^  degrees  from  the  equi- 
noClial.  Then,  he  recedes  northv/ard  from  capri¬ 
corn  ev^ery  day,  for  half  a  year  ;  in  the  middle  of 
which  half,  he  crofles  the  equinoClial  at  the  begin¬ 
ning  of  aries ,  and  the  end  of  it  he  arrives  at 
cancer. 

The  fun’s  motion  in  the  ecliptic  is  not  per¬ 
fectly  equable,  for  he  continues  eight  days  longer 
in  the  TiOrthern  half  of  the  ecliptic,  than  in  the 
fouthern  :  fo  that  the  fummer  half  year,  in  the 
northern  hemifphere,  is  eight  days  longer  than  the 
v/inter  half  year,  and  the  contrary  in  the  fouthern 
hemifphere. 

The  tropics  are  lefTer  circles  in  the  heavens,  pa- 
rallel  to  the  equinodlial  ^  one  on  each  fide  of  it, 
touching  the  ecliptic  in  the  points  of  its  greatefb 
declination  ♦,  fo  that  each  tropic  is  23'f  degrees  from 
the  equinoClial,  one  on  the  north  fide  of  it,  and 
the  other  on  the  fouth.  The  northern  tropic 
touches  the  ecliptic  at  the  beginning  ot  cancer,  the 
fouthern,  at  the  beginning  of  capricorn  *,  for  which 
reafon,  the  former  is  called  the  tropic  of  cancer^ 
and  the  latter  the  tropic  of  capricorn. 

polar  circles  in  the  heavens,  are  each  cw- 

degrees  from  the  poles,  all  around.  That  which 

goes 
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goes  round  the  north  pole,  is  called  the  ar5fic  dr* 
de^  from  which,  fignihes  a  hear\  and  there 

is  a  conftellation  or  groupe  of  ftars  near  the  north 
•  pole,  which  goes  by  that  name.  The  fouth  polar 
circle,  is  called  the  antarctic  drde^  from  its  being 
oppofite  to  the  arftic. 

The  ecliptic,  tropics,  and  polar  circles,  are  j 
drawn  upon  the  terreftrial  globe,  as  well  as  upon  j 
the  celeftial.  But  the  ecliptic,  being  a  great  fixed  i 
circle  in  the  heavens,  cannot  properly  be  laid  to  be-  1 
long  to  the  terrefirial  globe  ;  and  is  laid  down  upon  | 

it  only  for  the  conveniency  of  folving  fome  pro¬ 
blems, 

'In  order  to  form  a  true’  idea  of  the  earth  V  mo¬ 
tion  round  its  axis  every  24  hours,  which  is  the 
caufe  of  day  and  night ;  and  of  its  motion  in  the 
ecliptic,  round  the  fun  every  year,  which  is  the 
caufe  of  the  different  lengths  of  days  and  nights,, 
and  vicifTitude  of  feafons  *,  take  the  following  me¬ 
thod,  which  will  be  both  eafy  and  pleafant. 

A?i  idea  of  Let  a  fmail  terreftrial  globe,  of  about  3  inches 
(jjameter,  befufpended  by  along  thread  of  twifted 
filk,  fixt  to  its  north  pole  :  then,  having  placed  a 
lighted  candle  on  a  table,  to  reprefent  the  fun,  in 
the  center  of  a  hoop  of  a  large  cafk,  which  may 
reprefent  the  ecliptic,  the  hoop  making  an  angle 
of  23-  degrees  with  the  plane  of  the  table  ;  hang 
the  globe  within  the  hoop,  near  to  it  •,  and  if 
the  table  be  level,  the  equator  of  the  globe  will 
be  parallel  to  the  table,  and  the  plane  of  the  hoop 
-  will  cut  the  equator  at  an  angle  of  23-*-  degrees ; 
fo  that  one  half  of  the  equator  will  be  above  the 

hoop,. 
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fioop,  and  the  other  half  below  it :  and  the  candle 
will  enlighten  one  half  of  the  globe,  as  the  fun 
enlightens  one  half  of  the  earth,  whilil  the  other 
half  is  in  the  dark. 

Things  being  thus  prepared,  twill  the  thread 
towards  the  left  hand,  that  it  may  turn  the  globe 
the  fame  way  by  untwilling ;  that  is  from  weft, 
by  fouth,  tp  eall.  As  the  globe  turns  round  its 
axis  or  thread,  the  different  places  on  its  furface 
will  go  regularly  through  the  light  and  dark ;  and 
have,  as  it  were,  an  alternate  return  of  day  and 
night  in  each  rotation.  As  the  globe  continues  to 
turn  round,  and  fhew  itlelf  all  around  to  the  can¬ 
dle  j  carry  it  llowly  round  the  hoop  by  the  thread, 
tfom  well,  by  fouth,  to  call;  which  is  the  way 
that  the  earth  moves  round  the  fun,  once  a  year, 
in  the  ecliptic  :  and  you  will  fee,  that  whilft  the 
globe  continues  in  the  lower  part  of  the  hoop,  the 
candle  (being  then  north  of  the  equator)  will  con- 
ffantly  fhine  round  the  north  pole  ;  and  ail  the 
northern  places,  which  go  through  any  part  of  the 
dark,  will  go  through  a  lefs  portion  ot  it  than 
they  do  of  the  light  j  and  the  more  fo,  the  farther 
they  are  from  the  equator :  confequently,  their 
days  are  then  longer  than  their  nights.  Vf  hen  the 
globe  comes  to  a  point  in  the  hoop,  mid- way  be¬ 
tween  the  higheft  and  lowed  points,  the  candle 
will  be  diredtly  over  the  equator,  and  enlighten  the 
globe  juft  from  pole  to  pole  •,  and  then,  every 
place  on  the  globe  will  go  through  equal  portions 
of  light  and  darknefs,  as  it  turns  round  its  axis  ; 
§nd  confequently,  the  day  and  night  will  be  of 

equal 
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equal  length  at  all  places  upon  it.  As  the  globe 
advances  thence,  toward  the  higheft  part  of  the 
hoop,  the  candle  will  be  on  the  fouth  fide  of  the 
equator,  fhining  farther  and  farther  round  the 
fouth'pole,  as  the  globe  rifes  higher  and  higher  in 
the  hoop  ;  leaving  the  north  pole  as  much  in  dark- 
nefs  as  the  fouth  pole  is  in  the  light,  and  making 
long  days  and  fnort  nights  on  the  fouth  fide  of 
the  equator,  and  the  contrary  on  the  north  fide, 
whilfl  the  globe  continues  in  the  northern  or  higher 
fide  of  the  hoop :  and  when  it  comes  to  the  high-' 
eft  point, .  the  days  will  ^  be  at  the  longeft,  and 
nights  at  the  fhorteft,  in  the  fouthern  hemifphere  j 
jfnd  the  reverfe  in  the  northern.  As  the  globe  ad¬ 
vances  and  defcends  in  the  hoop,  the  light  will 
gradually  recede  from  the  fouth  pole,  and  approach 
towards  the  north  pole,  which  will  caufe  the 
nottherUr  days  to  lengthen,  and  the  fouthern  days 
to  Ihorten  in  the  fame  proportion.  When  the 
globe  comes  to  the  middle  point,  between  the 
higheft  and  loweft  points  of  the  hoop,  the  candle 
■wnll  be  over  the  equator,  enlightening  the  globe 
juft  from  pole  to  pole,  when  every  place  of  the 
earth  (except  the  poles)  will  go  through  equal  por¬ 
tions  of  light  and  darknefs ;  and  confequently, 
the  day  and  night  will  be  then  equal,  all  over  the 
globe. 

And  thus,  at  a  very  fmall  expence,  one  may 
have  a  delightful  and  demonftrative  view  of  the 
caufe  of  days  and  nights,  with  their  gradual  in- 
creafe  and  decreafe  in  length,  through  the  whole 
year  \  together  with  the  viciflitudes  of  fpring, 
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fummer,  autumn,  and  winter,  in  each  annual 
courfe  of  the  earth  round  the  fun. 

If  the  hoop  be  divided  into  il  eaiial  parts,  and' 
the  figns  be  marked  in  order  upon  it,  beginning  with 
cancer  at  the  highefl:  point  of  the  hoopj  and  reck* 
oning  eaftward  (or  contrary  to  the  apparent  mo¬ 
tion  of  the  fun)  you  will  fee  how  the  fun  appears 
to  change  his  place  every  day  in  the  ecliptic,  as 
the  globe  advances  eaftward  along  the  hoop,  and 
turns  round  its  own  axis  :  and  that  when  the  earth 
is  in  a  low  fign,  as  at  capricorn^  the  fun  muft  ap¬ 
pear  in  a  high  fign^  as  at  cancer,^  oppoftte  to  the 
earth’s  real  place :  and  that  whilft  the  earth  is  in 
the  fouthern  half  of  the  ecliptic,  the  fun  appears 
in  the  northern  half,  and  vice  verfd :  that  the  far^ 
ther  any  place  is  from  the  equator,  between  it  and 
the  polar  circle,  the  greater  is  the  difference  be¬ 
tween  the  longeft  and  fhorteft  day  at  that  place  1 
and  that  the  poles  have  but  one  day  and  one  night 
in  the  whole  year. 

Thefe  things  premifed,  we  fhall  proceed  to  the 
defcription  and  ufc  of  the  terreftriai  globe,  and 
explain  the  geographical  terms  as  they  occur  in  the 
,  problems. 

t  This  globe  has  the  boundaries  of  land  and  water  The  terref. 
laid  down  upon  it,  the  countries  and  kingdoms 
vided  by  dots,  and  coloured  to  diftinguifh  them^ 
the  illands  properly  fltuated,  the  rivers  and  princi¬ 
pal  towns  inferred,  as  truly  as  they  have  been  af- 
certained  upon  the  earth  by  meafurement  and  ob- 
fervation. 

!  T  The 
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terrejlridl  ghhe  defcribed. 

The  equator,  ecliptic,  tropics,  polar  circles^  and 
meridians,  are  laid  down  upon  the  globe  in  the 
manner  already  defcribed.  The  ecliptic  is  divided 
into  12  figns,  and  each  fign  into  30  degrees,  which 
are  generally  fubdivided  into  halves,  and  into  quar¬ 
ters  if  the  globe  is  large.  Each  tropic  is  237  de¬ 
grees  from  the  equator,  and  each  polar  circle  23f 
degrees  from  its  refpe6tive  pole.  Circles  are  drawn 
parallel  to  the  equator,  at  every  ten  degrees  diftance 
from  it  on  each  iide,  to  the  poles  :  thefe  circles  are 
called  parallels  of  latitudes  On  large  globes  there 
are  circles  drawn  perpendicularly  through  every 
tenth  degree  of  the  equator,  interfeiSing  each  other 
at  the  poles  :  but  on  globes  of  or  under  a  foot 
diameter,  they  are  only  drawn  through  every  fif¬ 
teenth  degree  of  the  equator  :  thefe  circles  are  ge¬ 
nerally  called  meridians,  fo  me  times  circles  of  longi¬ 
tude,  and  at  other  times  hour-circles* 

The  globe  is  hung  in  a  brafs  ring,  called  the 
hrafen  meridian ;  and  turns  upon  a  wire  in  each 
pole,  funk  half  its  thicknefs  into  one  fide  of  the  me¬ 
ridian-ring;  by  which  means,  that  fide  of  the 
ring  divides  the  globe  into  two  equal  parts,  called 
the  eaftern  and  wejlern  hemifpheres ;  as  the  equator 
divides  it  into  two  equal  parts,  called  the  northern 
and  fouthern  hermfpheres.  This  ring  is  divided  into 
360  equal  parts  or  degrees,  on  the  fide  wherein  the 
axis  of  the  globe  turns.  One  half  of  thefe  de-' 
grecs  are  numbered,  and  reckoned,  from  the  equa¬ 
tor  to  the  poles,  where  they  end  at  90  :  their  ufe  is 
to  fiiew  the  latitudes  of  places.  The  degrees  on 
the  other  half  of  the  meridian- ring,  are  numbered 
I  ,  from 


7he  terrejlrial  globe  defcrlbed. 

j  Ti  om  the  poles  to  the  equator,  where  they  end  at 
I  90  :  their  ufe  is  to  fhew  how  to  elevate  either  the 
north  or  fouth  pole  above  the  horizon,  according 
to  the  latitude  of  any  given  place,  as  it  is  north  or 
fouth  of  the  equator. 

The  brafen  meridian  is  let  into  two  notches  made 
in  a  broad  flat  ring,  called  the  wooden  horiton^  the 
upper  furface  of  which  divides  the  globe  into  two 
^qual  parts,  called  the  upper  and  lower  hemispheres. 
One  notch  is  in  the  north  point  of  the  horizon, 
nnd  the  other  in  the  fouth.  On  this  horizon, 
are  feveral  concentric  circles,  which  contain 
the  months  and  days  of  the  year,  the  flgns 
and  degrees  anfwering  to  the  fun’s  place  for  each 
month  and  day^  and  the  32  points  of  the  com- 
pafs. — The  graduated  flde  of  the  brafs  meridian 
lies  toward  the  eaft  fide  of  the  horizon,  and  fiiould 
be  generally  kept  toward  the  perfon  who  wol-ks 
[problems  by  the  globes. 

There  is  a  fmall  horary  circle^  fo  fixed  to  the 
norfh  part  of  the  brafen  meridian,  that  the  wire 
in  the  north  pole  of  the  globe  is  in  the  center 
of  that  circle  \  and  on  the  wire  is  an  index^  which 
'goes  over  all  the  24  hours  of  the  circle,  as  the 
globe  is  turned  round  its  axis.  Sometimes  there 
are  two  horary  circles,  one  between  each  pole  of 
i  the  globe  arid  the  brafen  meridian  *,  which  is  the 
contrivance  of  the  ingenious  Mr.  Jofeph  Harris ^ 
mailer  of  the  alfay-office  in  the  Tower  of  London  j 
iand  makes  it  very  convenient  for  putting  the  poles 
of  the  globe  through  the  horizon,  and  for  elevat¬ 
ing  the  pole,  to  fmall  latitudes  and  declinations  of 
z  T  2  the 
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the  fun ;  which  cannot  be  done  where  there  is  only 
one  horary  circle  fixed  to  the  outer  edge  of  the 
brafen  meridian. 

There  is  a  thin  flip  of  brafs,  called  the  quadrant 
ef  altitude^  which  is  divided  into  90  equal  parts^ 
or  degrees,  anfwering  exa^lly  to  fo  many  degrees 
of  the  equator.  It  is  occafionally  fixed  to  the 
uppermolt  point  of  the  brafen  meridian,  by  a  nut 
and  ferew.  The  divifions  end  at  the  nut,  and  the 
quadrant  is  turned  round  upon  it. 

The  globe  being  a  machine  which  has  been  fcen 
by  moft  people,  and  upon  the  figure  of  which,  in 
a  plate^  neither  the  circles,  nor  countries,  can 
be  properly  exprefled,  we  judge  it  would  fignify 
very  little  to  refer  to  a  figure  of  it;  and  fliall 
therefore  only  give  fome  drrediions  how  to  choofc 
a  globe,  and  then  deferibe  its  ufe. 
oireaiQns  i .  See  that  the  papers  be  well  and  neatly  pafted 
on  the  globeSj  which  you  may  know,  if  the  lines  and 
circles  thereon  meet  exaflly,  and  continue  all  the 
way  even  and  whole  ;  the  circles  not  breaking  into 
feveral  arches,  nor  the  papers  either  coming  Jhort,  or 
lapping  over  one  another. 

2.  See  that  the  colours  be  tranfparent,  and  not 
laid  too  thick  upon  the  globe  to  hide  the  names  of 
places. 

3.  See  that  the  globe  hang  evenly  between  the 
bi^afen  meridian  and  the  wooden  horizon ;  not  in--, 
clinino:  either  to  one  fide  or  to  the  other. 

4.  See  that  the  globe  be  as  clofe  to  the  horizon 
and  meridian,  as  it  conveniently  may  ;  otherwifc 
you  will  be  too  much  puzzled  to  find  againfl:  what 

part 
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part  of  the  globe  any  degree  of  the  meridian  or 
horizon  is. 

5.  See  that  the  equinoftial  line  be  even  with  the 
horizon  all  around,  when  the  north  or  fouth  pole 
is  elevated  90  degrees  above  the  horizon. 

6.  See  that  the  equinodlial  line  cuts  the  horizon  in 
the  eafl  and  weft  points,  in  all  elevations  of  the  pole, 
from  o  to  90  degrees. 

7.  See  that  the  degrees  of  the  brafen  meridian, 
marked  with  o  and  90,  be  exadlly  over  the  equi^ 
nodlial  line  of  the  globe. 

8.  See  that  there  be  exadlly  half  of  the  brafen 
meridian  above  the  horizon;  which  you  may  know, 
if  you  bring  any  of  the  decimal  diviiions  on  the 
meridian  to  the  north  point  of  the  horizon,  and 
find  their  complement  to  90  in  the  fouth  point. 

9.  See  that  when  the  quadrant  of  altitude  is  pla¬ 
ced  at  the  higheft  point  of  the  brafen  meridian, 
the  beginning  of  the  degrees  of  the  quadrant  ’ 
reaches  juft  to  the  plane  furface  of  the  horizon. 

10.  See  that  whilft  the  index  of  the  hour-cir¬ 
cle  (by  the  motion  of  the  globe)  paftes  from  one 
hour  to  another,  1 5  degrees  of  the  equator  pafs 
under  the  graduated  edge  of  the  brafen  meridian. 

11.  See  that  the  wooden  horizon  be  made  fub- 
ftantial  and  ftrong :  it  being  generally  obferved, 
that  in  moft  globes,  the  horizon  is  the  firft  part 
that  fails,  on  account  of  its  having  been  made  too 
flight. 

In  ufing  the  globes,  keep  the  eaft  fide  of  theDireaioog 
horizon  towards  you  (unlefs  your  problem  requires 
the  turning  of  it)  which  fide  you  may  know  by 

T  3  the 


the  word  East,  upon  the  horizon  :  for  then  you  j 
have  the  graduated  fide  of  the  meridian  towards  ! 
you,  the  quadrant  of  altitude  before  you,  and  the  ; 
globe  divided  exadlly  into  two  equal  parts,  by  the  ! 
graduated  fide  of  the  meridian. 

In  working  fome  problems,  it  will  be  neceffary  ^ 
to  tun)  the  whole  globe  and  horizon  about,  that  1 
you  may  look  on  the  v/eft  fide  thereof ;  which  turn-  |‘ 
ing  v/ill  be  apt  to  jog  the  ball  fo,  as  to  fhift  away  | 
that  degree  of  the  globe  which  was  before  fet  to  i 
the  horizon  or  meridian  :  to  avoid  which  inconve-s' 
nience,  you  may  thruft  the  feather-end  of  a  quill 
in  between  the  ball  of  the  globe  and  the  brafen 
meridian ;  which,  without  hurting  the  ball,  will 
keep  it  from  turning  in  the  meridian,  whilft  you  ! 
turn  the  weft  fide  of  the  hori?.on  towards  you, 

PROBLEM  L 

find  the  ^  latitude  and  ft  longitude  of  any  given 
place  upon  the  gloie, 

1 

Turn  the  globe  upon  its  axis,  until  the  given 
place  comes  exadlly  under  that  graduated  fide  of 
the  brafen  meridian,  on  which  the  degrees  are 

numbered 

*  The  latitude  of  a  place  is  its  diftance  from  the  equator, 
and  is  north  or  fouth,  as  the  place  is  north  or  fouth  of  the 
equator.  Thofe  who  live  at  the  equator  have  no  latitude,  be- 
cauie  it  is  there  that  the  latitude  begins. 

I  The  longitude  of  a  place  is  the  number  of  degrees 
(reckoned  u|)on  the  equator)  that  the  meridian  of  the  faid 


7he  ufe  of  the  terref  rial  globe. 

numbered  from  the  equator ;  and  obferve  what 
degree  of  the  meridian  the  place  then  lies  under ; 
which  is  its  latitude,  north  or  fouth,  as  the  placfe 
is  north  or  fouth  of  the  equator. 

The  globe  remaining  in  this  pofition,  the  degree 
of  the  equator,  which  is  under  the  brafen  meridian, 
is  the  longitude  of  the  place  •,  v/hich  is  call  or 
weft,  as  the  place  lies  on  the  eaft  or  weft  fide  of 
the  firft  meridian  of  the  globe. — All  the  Atlantic 
Ocean^  and  America^  is  on  the  weft  fide  of  the  me¬ 
ridian  of  London  %  and  the  greateft  part  of  Europe^ 
and  of  Africa^  together  with  all  Afia^  is  on  the 
eaft  fide  of  the  meridian  of  Loniony  which  is 
reckoned  the  jirji  meridian  of  the  globe  by  the 
Englijh  geographers  and  aftronomers. 

P  R  O  B  L  E  M  II, 

L'he  longitude  and  latitude  of  a  place  being  giveity  to 
find  that  place  on  the  globe. 

Look  for  the  given  longitude  in  the  equator, 
(counted  eaftward  or  weftward  from  the  firft  me¬ 
ridian,  as  it  is  mentioned  eaft  or  weft  j)  and  bring 


place  is  diflant  from  the  meridian  of  any  other  place  from 
which  we  reckon,  either  eaftward  or  weftward,  for  i8o  de¬ 
grees,  or  half  round  the  globe.  The  Englifti  reckon  the 
longitude  from  the  meridian  of  London,  and  the  French  now 
reckon  it  from  the  meridian  of  Paris.  The  meridian  of 


that  place,  from  which  the  longitude  is  reckoned,  is  called 
the  firji  meridian.  The  places  upon  this  meridian  have  no 
longitude,  becaufe  it  is  there  that  the  longitude  begins. 

T  4  the 
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the  point  of  longitude  in  the  equator  to  the  brafeit 
meridian^  on  that  fide  which  is  above  the  fouth 
point  of  the  horizon  :  then  count  from  the  equator, 
on  the  brgfen  meridian,  to  the  degree  of  latitude 
given,  towards  the  north  or  fouth  pole,  according 
as  the  latitude  is  north  or  fouth  ;  and  under  that 
degree  of  latitude  op  the  meridian;^  lies  the  place 
required. 

P  R  b  B  L  E  M  III. 

^0  find  the  difference  of  longitude^  or  difference  of 
latitude^  between  any  two  given  places . 

Bring  each  place  to  the  brafen  meridian,  and  fee 
what  its  latitude  is  :  the  lefTer  latitude  fubtraded 
from  the  greater,  if  both  places  are  on  the  fame 
fide  of  the  equator,  or  both  latitudes  added  toge¬ 
ther,  if  they  are  on  different  fides  of  it,  is  the 
difference  of  latitude  required.  And  the  number 
pf  degrees  contained  between  thefe  places,  reckoned 
on  the  equator,  when  they  are  brought  feparately 
under,  the  brafen  meridian,  is  their  difference  of 
longitude  ^  if  it  "be  lefs  than  i8o:  but  if  more. 
Jet  it  be  fubtradled  from  360,  and  the  remainder 
is  the  difference  of  longitude  required. '  Or, 
Having  brought  one  of  the  places  to  the  brafen 
meridian,  and  fet  the  hour  index  to  XII,  turn  the 
globe  until  the  other  place  comes  to  the  meridian, 
and  the  number  of  hours  and  parts  of  an  hour, 
pafl  over  by  the  index,  will  give  the  longitude  in 
fi|iie  \  which  may  be  eafily  reduced  to  degrees,  by 
i  allowing 


ufe  of  the  terrefrtal  glohe* 

allowing  15  degrees  for  every  hour,  and  one  degree 
for  every  four  rninutes, 

N.  Bp  When  we  fpcak  of  bringing  any  place 
to  the  brafen  meridian,  the  graduated  fide  of  the 
meridian  is  meant. 

PROBLEM  IV. 

place  being  given ^  to  find  all  thofe  places  that 
have  the  fame  longitude  or  latitude  with  it. 

Bring  the  given  place  to  the  brafen  meridian, 
thert  thofe  places  which  lie  under  that  fide  of 
the  meridian,  from  pole  to  pole,  have  the  fame 
longitude  with  the  given  place.  Turn  the  globe 
round  its  axis,  and  all  thofe  places  which  pafs 
under  the  fame  degree  of  the  meridian  that  the 
given  place  does,  have  the  fame  latitude  with  that 
place. 

Since  all  latitudes  are  reckoned  from  the  equa¬ 
tor,  and  all  longitudes  are  reckoned  from  the  firft 
meridian,  it  is  evident,  that  the  point  of  the  equa¬ 
tor  which  is  cut  by  the  firfi;  meridian,  has  neither 
latitude  nor  longitude,— The  greatefl:  latitude  can¬ 
not  exceed  90  degrees,  becaufe  no  place  is  more 
than  90  degrees  from  the  equator.  And  the  great- 
'eft  longitude  cannot  exceed  180  degrees,  becaufe 
no  place  is  more  than  180  degrees  from  the  firft 
meridian, 


PROBLEM 
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/ 

PROBLEM  V. 

^0  find  the  ^  antCEC!,  f  perieeci,  and  J  antipodes, 

of  any  given  place, 

i  - 

Bring  the  given  place  to  the  brafen  meridian, 
and  having  found  its  latitude,  keep  the  globe  in 

,  that 

^  The  antceci  are  thofe  people  who  live  on  the  fame  me-  i 
ridiah,  and  in  equal  latitudes^  on  different  fides  of  the  equa¬ 
tor.  Being  on  the  fame  meridian,  they  have  the  fame  hours ; 
that  is,  when  it  is  noon  to  the  one,  it  is  alfo  noon  to  the 
other,  and  when  it  is  midnight  to  the  one,  it  is  alfo  midnight 
to  the  other,  Being  on  different  fides  of  the  equator, 

they  have  different  or  oppofite  feafons  at  the  fame  time ;  the 
length  of  any  day  to  the  one,  is  equal  to  the  length  of  the 
night  of  that  day  to  the  other  j  and  they  have  equal  eleva¬ 
tions  of  the  different  poles, 

-f-  The  fericeci  are  thofe  people  who  live  on  the  fame  pa¬ 
rallel  of  latitude,  but  on  oppofite  meridians ;  fo  that  though 
their  latitude  be  the  fame,  their  longitude  differs  i8o  degrees. 

By  being  in  the  fame  latitude,  they  have  equal  elevations  of 
the  fame  pole  (for  the  elevation  of  the  pole,  is  always  equal 
to  the  latitude  of  the  place),  the  fame  length  of  days  or 
nights,  and  the  fame  feafons.  But  being  on  oppofite  meri¬ 
dians,  when  it  is  noon  to  the  one,  it  is  midnight  to  the  other. 

J  The  antipodes  are  thofe  who  live  diametrically  oppofite 
to  one  another  upon  the  globe,  Handing  with  feet  towards 
feet,  on  oppofite  meridians  and  parallels.  Being  on  oppofite 
fides  of  the  equator,  they  have  oppofite  feafons,  winter 
to  one,  when  it  is  fummer  to  the  other  ;  being  equally  diflant 
from  the  equator,  they  have  the  contrary  poles  equally 
elevated  *bove  the  horizon  j  being  on  oppofite  meridians, 

when 
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that  fituation,  and  count  the  fame  number  of  de- 
!  grees  of  latitude  from  the  equator  towards  the  con- 
i  traty  pole,  and  where  the  reckoning  ends,  you 
have  the  antceci  of  the  given  place,  upon  the  globe. 
Thofe  who  live  at  the  equator  have  no  antceci. 

The  globe  remaining  in  the  fame  poiition,  fet 
the  hour  index  to  the  upper  XII  on  the  horary 
circle,  and  turn  the  globe  until  the  index  comes  to 
the  lower  XII  *,  then,  the  place  which  lies  under 
the  meridian,  in  the  fame  latitude  with  the  given 
place,  is  the  p erics ci  required.  Thofe  who  live  at 
the  poles  have  no  periceci. 

As  the  globe  now  ftands,  (with  the  index  at  the 
lower  XII,)  the  antipodes  of  the  given  place  will 
be  under  the  fame  point  of  the  bralen  meridian 
where  its  antceci  flood  before.  Every  place  upon 
the  globe  has  its  antipodes. 

PROBLEM  VL 

Q  find  the  difiance  between  any  two  places  on  the 

globe. 

Lay  the  graduated  edge  of  the  quadrant  of  al¬ 
titude  over  both  the  places,  and  count  the  number 
of  degrees  intercepted  between  them  on  the  qua¬ 
drant  j  then  multiply  thefe  degrees  by  6o,  and  the 

when  it  is  noon  to  the  one,  it  muft  be  midnight  to  the  other ; 
and  as  the  fun  recedes  from  the  one  when  he  approaches  to 
the  other,  the  length  of  the  day  to  one  muft  be  equal  to  the 
length  of  the  night  at  the  fame  time  to  the  other. 
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produft  will  give  the  diftance  in  geographical 
miles :  but  to  find  the  diftance  in  Englifh  miles, 
multiply  the  degrees  by  69I-,  and  the  produft 
will  be  the  number  of  miles  required,  Or^  take 
the  diftance  betwixt  any  two  places  with  a  pair  of 
compaffes,  and  apply  that  extent  to  the  equator ; 
the  number  of  degrees,  intercepted  between  the 
points  of  the  compaftfes,  is  the  diftance  in  degrees 
of  a  great  circle  * ;  which  may  be  reduced  either 
to  geographical  miles,  or  to  Englifti  miles,  as 
above. 


Great  circle,  *  Any  circle  that  divides  the  globe  into  two  equal  parts, 

is^'called  a  great  circle,  as  the  equator  or  meridian.  Any 
circle  that  divides  the  globe  into  two  unequal  parts,  (which 
lejer  circle.  QvtTy  parallel  of  latitude  does)  is  called  a  lejer  circle.  Now, 
as  every  circle,  whether  great  or  fmall,  contains  360  degrees, 
%  and  a  degree  upon  the  equator  or  meridian  contains  60  geo¬ 
graphical  miles,  it  is  evident,  that  a  degree  of  longitude  upon 
the  equator,  is  longer  than  a  degree  of  longitude  upon  any 
parallel  of  latitude,  and  muft  therefore  contain  a  greater 
number  of  miles.  So  that,  although  all  the  degrees  of  la¬ 
titude  are  equally  long  upon  an  artificial  globe,  (though  not 
precifely  fo  upon  the  earth  itfelf )  yet  the  degrees  of  longitude 
decreafe  in  length,  as  the  latitude  increafes,  but  not  in 
the  fame  proportion.  The  following  table  Ihews  the  length 
of  a  degree  of  longitude,  in  geographical  miles,  and  hun¬ 
dredth  parts  of  a  mile,  for  every  degree  of  latitude,  from 
the  equator  to  the  poles :  a  degree  on  the  equator  being  6q 
geographical  iniles. 


The 


/ 


^he  ufe  of  the  terrejlrial  globe. 

The  number  of  miles  in  a  degree  of  longitude, 
in  all  degrees  of  latitude. 
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PROBLEM  VIL 

A  place  on  the  globe  being  given^  and  its  ttue  difiance 
from  any  other  place^  to  find  all  the  other  places  upon 
the  earth  which  are  at  the  fame  difiance  from  the 
given  place* 

Bring  the  given  place  to  the  brafen  meridian, 
and  ferew  the  quadrant  of  altitude  to  the  meri¬ 
dian,  diredly  over  that  place ;  then  keeping  the 
globe  in  that  pofition,  turn  the  quadrant  quite 
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round  upon  it,  and  the  degree  of  the  quadrant 
that  touches  the  fecond  place,  will  pafs  over  all  the 
other  places  which  are  equally  diftant  with  it  from 
the  given  place. 

This  is  the  fame  as  if  one  foot  of  a  pair  of 
compafles  was  fet  in  the  given  place,  and  the  other 
foot  extended  to  the  fecond  place,  whofe  diflance 
is  known  ;  for  if  the  compafTes  be  then  turned 
round  the  firfl  place  as  a  center,  the  moving  foot 
will  go  over  all  thofe  places  which  are  at  the  fame 
diftance  with  the  fecond  from  it, 

i 

PROBLEM  VIII. 

^he  h&ur  of  the  day  at  any  glace  being  given^  to  find 
all  thofe  glaces  where  it  is  noon  at  that  time. 

Bring  the  given  place  to  the  brafen  meridian, 
and  fet  the  index  to  the  given  hour  j  this  done, 
turn  the  globe  until  the  index  points  to  the  up¬ 
per  XII,  and  then,  all  the  places  that  lie  under  the 
brafen  meridian  have  noon  at  that  time. 

\ 

TV.  B,  The  upper  XII  always  ftands  for  noon  % 
and  when  the  bringing  of  any  place  to  the  brafen 
meridian,  is  mentioned,  the  fide  of  that  meridian 
on  which  the  degrees  are  reckoned  from  the  equa¬ 
tor  is  meant,  unlefs  the  contrary  fide  be  mentioned. 


•  /  i. 
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PROBLEM  IX: 

^'he  hour  of  the  day  at  any  place  being  given ^  to  find 
vohat  d* clock  it  is  at  that  time  at  any  other  place^ 

Bring  the  given  place  to  the  brafen  meridi¬ 
an,  and  fet  the  index:  to  the  given  hour  j  then- 
turn  the  globe,  until  the  place  where  the  hour  is 
required  comes  to  the  meridian,  and  the  index  will 
point  out  the  hour  at  that  place. 


PROBLEM  X. 

jT 0  find  the  furis  place,  in  the  ecliptic^  and  his  ^ 
clination^  for  any  given  day  of  the  year. 

Look  on  the  horizon  for  the  given  day,  and 
Tight  againft  it  thereon,  you  have  the  degree  of 
the  fign  in  which  the  fun  is  (or  his  place)  on  that 
day  at  noon.  Find  the  fame  degree  of  that  ftgn 
in  the  ecliptic  line  upon  the  globe,  and  having 
brought  it  to  the  brafen  meridian,  obferve  what 
degree  of  the  meridian  (lands  over  it ;  for  that  is 
the  fun’s  declination,  reckoned  from  the  equator. 

*  The  fun’s  declination  is  his  diftance  from  the  equi- 
noftlal  in  degrees,  and  is  north  or  fouth,  as  the  fun  is  between 
the  equino^ial  and  the  north  or  fouth  pole. 


PROBLEM 
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PROBLEM  XL 

^he  day  of  the  month  hetng  giveny  to  find  all  thofe 
places  of  the  earth  over  which  the  fun  will  pafi 
vertically  on  that  day. 

Find  the  fun’s  place  in  the  ecliptic  for  the  given 
day,  and  having  brought  it  to  the  brafen  meri^ 
dian,  obferve  what  degree  of  the  meridian  is  over 
it;  then,  turning  the  globe  round  its  axis,  all  thofe 
places  which  pafs  under  'that  degree  of  the  meri¬ 
dian,  are  the  places  required  :  for  as  their  latitude 
is  equal  in  degrees  to  the  fun^s  declination,  he  mull 
be  diredlly  over  head  to  each  of  them  at  its  re-* 
fpcftive  noon. 


PROBLEM  XIL 

A  place  hetng  given  in  the  *  torrid  zonCy  to  find  thofe 
two  days  of  the  year^  on  which  the  fun  Jhall  be 
vertical  to  that  place*, 

Bring  the  given  place  to  the  brafen  meridian^ 
and  mark  the  degree  of  latitude  that  is  exactly  over 

it 

*  *  The  globe  is  divided  into  five  zones ;  ofie  torrid,  twO 
temperate,  and  two  frigid.  The  torrid  zone  lies  between 
the  two  tropics,  and  is  47  degrees  in  breadth,  or  234-  on 
each  fide  of  the  equator  :  the  temperate  zones  lie  between 
the  tropics  and  polar  circles,  or  from  ajd-  degrees  of  lati^ 

tude, 
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it  on  the  meridian ;  then  turn  the  globe  round  its 
;  axis,  and  obferve  the  two  points  of  the  ecliptic 
which  pafs  exadlly  under  that  degree  of  latitude  : 
laftly,  find  on  the  wooden  horizon,  the  two  days 
of  the  year  in  which  the  fun  is  in  thofe  points  or 
degrees  of  the  ecliptic,  and  they  are  the  days  re¬ 
quired  :  for  on  them,  and  none  elfe^  the  fun’s  de¬ 
clination  is  equal  to  the  latitude  of  the  given  place. 


PROBLEM  XIII. 

1^0  find  all  thofe  places  of  the  north  frigid  zone^  where 
the  fun  begins  to  fhine  conftantly  without  fetting^  on 
any  given  day^  from  the  2  iji  of  March  to  the  2^d 
of  September. 


On  thefe  two  days,  the  fun  is  in  the  equinodlial, 
and  enlightens  the  globe  exadfly  from  pole  to  pole  : 
therefore,  as  the  earth  turns  round  its  axis,  which 
terminates  in  the  poles,  every  place  upon  it  will 
go  equally  through  the  light  and  the  dark,  and  fo 
make  equal  day  and  night  to  all  places  of  the 
earth.  But  as  the  fun  declines  from  the  equator, 
towards  either  pole,  he  will  fliine  juft  as  many 
degrees  round  that  pole,  as  are  equal  to  his  decli- 


tude,  to  664-,  on  each  fide  of  the  equator ;  and  are  each  43 
degrees  in  breadth  :  the  frigid  zones  are  the  fpaces  included 
within  the  polar  circles,  which  being  each  234  degrees  from 
their  refpedtive  poles,  the  breadth  of  each  of  thefe  zones  is 
47  degrees.  As  the  fun  never  goes  without  the  tropics,  he 
muft  every  moment  be  vertical  to  fome  place  or  other  in  the 
torrid  zone. 
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nation  from  the  equator ;  fo  that  no  place  withfrs  | 
that  diftance  of  the  pole  will  then  go  through  any  | 
part  of  the  dark,  and  confequently  the  fun  will 
not  fee  to  it  Now,  as  the  fun’s  declination  is 
northward,  from  the  21ft  of  March  to  the  23d  of  | 
September,  he  muft  conftantly  fhine  round  the  j 
north  pole  all  that  time  j  and  on  the  day  that  he  j 
is  in  the  northern  tropic,  he  ihines  upon  the  whole  | 
‘north  frigid  zone  •,  fo  that  no  place  within  the  north  ; 
polar  circle  goes  through  any  part  of  the  dark 
on  that  day.  Therefore,  i 

Having  brought  the  fun’s  place  for  the  given  i 
day  to  the  brafen  meridian,  and  found  his  declina¬ 
tion,  (by  Prob.  9.)  count  as  many  degrees  on  the 
meridian,  from  the  north  pole,  as  are  equal  to  the  | 
fun’s  declination  from  the  equator,  and  mark  that 
degree  from  the  pole  where  the  reckoning  ends  :  ; 

then,  turning  the  globe  round  its  axis,'  obferve  j 
what  places  in  the  north  frigid  zone  pafs  diredlly  | 
under  that  mark  •,  for  they  are  the  places  required,  j 
The  like  may  be  done  for  the  fodth  frigid  zone,  | 
from  the  23d  of  September  to  the  21ft  of  March, 
during  which  time  the  fun  fliines  conftantly  on 
the  fouth  pole. 

PROBLEM  XIV.  ! 

i 

I 

"To  find  the  place  over  which  the  fun  is  vertical^  at  ar^ 

hour  of  a  given  day^ 

Having  found  the  fun’s  declination  for  the  given  j 
day,  (by  P.rob.  9.)  mark  it  with  a  chalk  on  the  j 

brafen  I 
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!  brafen  meridian  :  then  bring  the  place  where  you 
j ;  are  (fuppofe  London)  to  the  brafen  meridian,  and 
fet  the  index  to  the  given  hour ;  which  done,  turn 
the  globe  on  its  axis,  until  the  index  points  to  XII 
at  noon  ;  and  the  place  on  the  globe,  which  is  then 
I  under  the  point  of  the  fun’s  declination  marked 
upon  the  meridian,  has  the  fun  that  moment  in 
the  zenith,  or  diredlly  over  head. 

PROBLEM  XV. 

‘I'he  day  and  hour  at  any  place  being  given ^  to  find  all 
thofe  places  where  the  fun  is  then  rifing^  or  fetting^ 
or  on  the  meridian:  confequently^  all  thofe  places 
which  are  enlightened  at  that  time^  and  thofe  which 
are  in  the  dark. 

This  problem  cannot  be  folved  by  any  globe  fitted 
up  in  the  common  way,  with  the  hour  circle  fixed 
upon  the  brafs  meridian  *,  unlefs  the  fun  be  on  or 
near  fome  of  the  tropics  on  the  given  day.  But 
with  a  globe  fitted  up  according  'to  Mr.  Jofepb 
‘Harris'* s  invention,  (already  mentioned,  page  275) 
where  the  hour  circle  lies  on  the  furface  of  the 
'  globe,  below  the  meridian,  it  may  be  folved  for 
any  day  of  the  year,  according  to  his  method  y 
which  is  as  follows. 

:  Having  found  the  place  to  which  the  fun  is  ver¬ 

tical  at  the  given  hour,  if  the  place  be  in  the 
northern  hemifphere,  elevate  the  north  pole  as  many 
degrees  above  the  horizon,  as  are  equal  to  the  la¬ 
titude  of  that  place  5  if  the  place  be  in  the  fouthern 

U  2  hemifphere. 
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hemifphere,  elevate  the  fouth  pole  accordingly  ‘5 
and  bring  the  faid  place  to  the  brafen  meridian. 
Then,  all  thofe  places  which  are  in  the  weftern  fe- 
micircle  of  the  horizon,  have  the  fun  rifing  to  them 
at  that  time ;  and  thofe  in  the  eaftern  femicircle 
have  it  fetting  :•  to  thofe  under  the  upper  femicircle 
of  the  brafs  meridian,  it  is  noon  ;  and  to  thofe 
under  the  lower  femicircle,  it  is  midnight.  All  * 
thofe  places  which  are  above  the  horizon,  are  en¬ 
lightened  by  the  fun,  and  have  the  fun  juft  as 
many  degrees  above  them,  as  they  themfelves  are 
above  the  hori2.on  :  and  this  height  may  be  known, 
by  fixing  the  quadrant  of  altitude  on  the  brafen 
meridian  over  the  place  to  which  the  fun  is  ver¬ 
tical  ;  and  then,  laying  it  over  any  other  place, 
obferve  what  number  of  degrees  on  the  quadrant 
are  intercepted  between  the  faid  place  and  the  ho¬ 
rizon.  In  all  thofe  places  that  are  18  degrees  be¬ 
low  the  weftern  femicircle  of  the  horizon,  the 
morning  twilight  is  juft  beginning;  in  all  thofe 
places  that  are  18  degrees  below  the  eaftern  femi¬ 
circle  of  the  horizon,  the  evening  twilight  is  end¬ 
ing  ;  and  all  thofe  places  that  are  lower  than  1 8 
degrees,  have  dark  night. 

If  any  place  be  brought  to  the  upper  femicircle 
of  the  brafen  meridian,  and  the  hour  index  be  fet 
to  the  upper  XII  or  noon,  and  then  the  globe  be 
turned  round  its  axis  ;  when  any  place  comes  to 
the  weftern  femicircle  of  the  horizon,  the  index 
will  Ihew  the  time  of  fun-rifing  at  that  place ;  and 
if  the  place  be  brought  to  the  eaftern  femicircle  of 
the  horizon,  the  index  will  fhew  the  time  of  fun-fet. 

To 


I 
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To  thole  places  which  do  not  go  under  the  ho- 
I  rizon,  the  fun  fets  not  on  that  day  *,  and  to  thofe 
'  which  do  not  come  above  it,  he  does  not  rife. 

PROBLEM  XVL 

'  ^he  day  and  hour  of  a  lunar  eclipfe  being  given  \  to 
find  all  thofe  places  of  the  earth  to  which  it  will  he 
vifible. 

The  moon  is  never  eclipfed  but  when  flie  is  full, 
and  fo  diredlly  oppofite  to  the  fun,  that  the  earch^s 
lhadow  falls  upon  her.  Therefore,  whatever  place 
of  the  earth  the  fun  is  vertical  to  at  that  time,  the 
moon  muft  be  vertical  to  the  antipodes  of  that 
place  :  fo  that  the  fun  will  be  then  vifible  to  otie 
half  of  the  earth,  and  the  moon  to  the  other. 

Find  the  place  to  which  the  fun  is  vertical  at 
the  given  hour,  (by  Prob.  14;)  elevate  the  pole  to 
.  the  latitude  of  that  place,  and  bring  the  place  to 
the  upper  part  of  the  brafen  meridian,  as  in  the 
former  problem  :  then,  as  the  fun  will  be  vilible 
to  all  thofe  parts  of  the  globe  which  are  above  the 
f  horizon,  the  moon  vdll  be  vifible  to  all  thofe  parts 
which  are  below  it,  at  the  time  of  her  greateft  ob- 
feu  ration. 

;  But  with  regard  to  an  eclipfe  of  the  fun,  there 
is  no  fuch  thing  as  (hewing  to  what  places  it  will 
be  vifible,  with  any  degree  of  certainty,  by  a  com¬ 
mon  globe  ;  becaufe  the  moon’s  fhadow  covers  but 
a  fmall  portion  of  the  earth’s  furface,  and  her  la¬ 
titude,  ox  declination  from  the  ecliptic,  throws  her 
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fhadow  fo  varioufly  upon  the  earth,  that  to  deter¬ 
mine  the  places  on  which  it  falls,  tecourfe  muft  be 
had  to  long  calculations. 

PROBLEM  XVIL 

^0  rectify  the  globe  for  the  latitude^  the  *  zenith^  and 

the  fun^s  place. 

Find  the  latitude  of  the  place  (by  Prob.  i.)  and 
if  the  place  be  in  the  northern  hemifphere,  raife 
the  north  pole  above  the  north  point  of  the  hori¬ 
zon,  as  many  degrees  (counted  from  the  pole  upon 
the  brafen  meridian)  as  are  equal  to  the  latitude  of 
the  place.  If  the  place  be  in  the  fouthern  hemi¬ 
fphere,  raife  the  fouth  pole  above  the  fputh  point 
of  the  horizon,  as  many  degrees  as  are  equal  to 
the  latitude.  Then,  having  brought  the  place  to 
its  latitude  on  the  brafen  meridian,  fallen  the  qua¬ 
drant  of  altitude  fo,  that  the  chamfered  edge  of 
its  nut  (which  is  even  with  the  graduated  edge) 
may  be  joined  to  the  zenith,  or  point  of  latitude. 
This  done,  bring  the  fun’s  place  in  the  ecliptic  for 
the  given  day  (found  by  Prob.  lo.)  to  the  gra¬ 
duated  fide  of  the  brafen  meridian,  and  fet  the 
hour  index  to  XII  at  noon,  which  is  the  uppermoft 
XII  on  the  hour  circle  i  and  the  globe  will  be  rec¬ 
tified. 

*  The  %enithy  in  this  fenfe,  is  the  higheft  point  of  the 
brafen  meridian  above  the  horizon  j  but  in  the  proper  fenfe, 
it  is  that  point  of  the  heavens  which  is  diredlly  vertical  to  any 
given  place. 


The 


^he  ufe  of  the  terrejirial globe*  .29j 

The  latitude  of  any  place,  is  equal  to  the  elevation  Remark, 
of  the  neareft  pole  of  the  heaven  above  the  ho¬ 
rizon  of  that  place  ;  and  the  poles  of  the  heaven 
are  diredly  over  the  poles  of  the  earth,  each  90 
degrees  from  the  equinoftial  line.  Let  us  be  upon 
what  place  of  the  earth  we  will,  if  the  limits  of 
our  view  be  not  intercepted^by  hills,  we  fee  one 
half  of  the  heaven,  or  90  degrees  every  way 
round,  from  that  point  which  is  over  our  heads. 
Therefore,  if  we  were  upon  the  equator,  the  poles 
of  the  heaven  would  lie  in  our  horizon,  or  limit 
of  view  :  if  we  go  from  the  equator,  towards  ci¬ 
ther  pole  of  the  earth,  we  fhall  fee  the  correfpond- 
ing  pole  of  the  heaven  rifmg  gradually  above  our 
horizon,  juft  as  many  degrees  as  we  have  gone 
from  the  equator  :  and  if  we  were  at  either  of  our 
earth’s  poles,  the  correfponding  pole  of  the  heaven 
would  be  direflly  over  our  head.  Confequently, 
the  elevation  or  height  of  the  pole  in  degrees  above 
the' horizon,  is  always  equal  to  the  number  of  de^ 
grees  that  the  place  is  from  the  equator. 

PROBLEM  XVIIL 

^he  latitude  of  any  place^  not  exceeding  *  66^  degrees^ 
and  the  day  of  the  months  being  given  ;  to  find  ths 
time  of  fun-rifing  and  fetting^  and  coyfequently  the 
length  of  the  day  and  night. 

Having  reftified  the  globe  for  the  latitude,  and 
the  fun’s  place  on  the  given  day,  (as  direfted  in 

the 

*  All  places  whofe  latitude  is  more  than  degrees,  are 
in  the  frigid  zones  :  and  to  thofe  places  the  fun  does  not 

U  4  Vet 
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the  preceding  problem)  bring  the  fun’s  place  in  the 
ecliptic  to  the  eaftern  fide  of  the  horizon,  and  the  i 
hour  index  will  fhew  the  time  of  fun-rifing ;  then  j 
turn  the  globe  on  its  axis,  until  the  fun’s  place  j 
comes  to  the  weftern  fide  of  the  horizon,  and  the  | 
index  will  fhew  the  time  of  fun-fetting. 

The  hour  of  fun-fetting  doubled,  gives  the  j 
length  of  the  day ;  and  the  hour  of  fiin-rifing  | 
doubled,  gives  the  length  of  the  night. 

PROBLEM  XIX. 

latitude  of  any  plac?^  and  the  day  of  the  months 
being  given  ;  to  find  when  the  morning  twilight  he-^ 
gins^  and  the  evening  twilight  ends at  that  place. 

This  problem  is  often  limited  :  for,  when  the 
fun  does  not  go  1 8  degrees  below  the  horizon,  the 
twilight  continues  the  whole  night ;  and  for  feveral 
nights  together  in  fummer,  between  49  and  66-^ 
degrees  of  latitude :  and  the  nearer  to  66^,  the 
greater  is  the  number  of  thefe  nights.  But  when 
it  does  begin  and  end,  the  following  method  will 
fhew  the  time  for  any  given  day. 

Rectify  the  globe,  and  bring  the  fun’s  place  in 
the  ecliptic  to  the  eaftern  fide  of  the  horizon  5 
then  mark  that  point  of  the  ecliptic  with  a  chalk 
which  is  in  the  weftern  fide  of  the  horizon,  it  be¬ 
ing  the  point  oppofite  to  the  fun’s  place  :  this  done, 

/ 

fet  in  fummer,  for  a  certain  number  of  diurnal  revolutions ; 
which  occafions  this  limitation  of  latitude. 


lay 
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'lay  the  quadrant  of  altitude  over  the  faid  point, 
and  turn  the  globe  eaftward,  keeping  the  quadrant 
at  the  chalk- mark,  until  it  be  juft  i8  degrees  high 
on  the  quadrant ;  and  the  index  will  point  out  the 
time  that  the  morning  twilight  begins  :  for  the  fund’s 
place  will  then  be  1 8  degrees  below  the  eaftern  fide 
of  the  horizon.  To  find  the  time  when  the  even¬ 
ing  twilight  ends,  bring  the  fun’s  place  to  the 
weftern  fide  of  the  horizon,  and  the  point  oppofite 
to  it,  which  was  marked  with  the  chalk,  will  be 
rifing  in  the  eaft  :  then,  bring  the  quadrant  over 
that  point,  and  keeping  it  thereon,  turn  the  globe 
weftward,  until  the  faid  point  be  i8  degrees  above 
the  horizon  on  the  quadrant,  and  the  index  will 
Ihew  the  time  when  the  evening  twilight  ends  ; 
the  fun’s  place  being  then  i8  degrees  below  the 
weftern  fide  of  the  horizon. 

/ 

PROBLEM  XX. 

T 0  find  on  what  day  of  the  year  the  fun  begins  to  Jhine 
confiantly  without  fetting,  on  any  given  place  in  the 
north  frigid  zone\  and  how  long  he  continues  to 
do  fo, 

Redlify  the  globe  to  the  latitude  of  the  place, 
and  turn  it  about  until  fome  point  of  the  ecliptic, 
between  aries  and  cancer^  coincides  with  the  north 
point  of  the  horizon  where  the  brafen  meridian 
cuts  it :  then  find,  on  the  wooden  horizon,  what 
day  of  the  year  the  fun  is  in  that  point  of  the 
ecliptic  %  which  is  the  day  that  the  fun  begins  to 

ftiine 
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fhine  conftantly  on  the  given  place,  without  fet- 
ting.  This  done,  turn  the  globe  until  fome  point 
of  the  ecliptic,  between  cancer  and  lihra^  coincides 
with  the  north  point  of  the  horizon,  where  the 
brafs  meridian  cuts  it ;  and  find,  on  the  wooden 
horizon,  on  what  day  the  fun  is  in  that  point  of 
the  ecliptic  \  which  is  the  day  that  the  fun  leaves 
off  conftantly  fhining  on  the  faid  place,  and  rifes 
and  fets  to  it  as  to  other  places  on  the  globe.  The 
number  of  natural  days,  or  compleat  revolutions 
of  the  fun  about  the  earth, .  between  the  two  days 
above  found,  is  the  time  that  the  fun  keeps  con¬ 
ftantly  above  the  horizon  without  fetting  *,  for  all 
that  portion  of  the  ecliptic,  which  lies  between  the 
two  points  that  interfedl  the  horizon  in  the  very 
north,  never  fets  below  it :  and  there  is  juft  as 
much  of  the  oppofite  part  of  the  ecliptic  that  ne¬ 
ver  rifes  ;  therefore,  the  fun  will  keep  as  long 
conftantly  below  the  horizon  in  winter,  as  above 
it  in  fummeri 

Whoever  confiders  the  globe,  will  find,  that  all 
places  of  the  earth  do  equally  enjoy  the  benefit  of 
the  fun,  in  refpedl  of  time,  and  are  equally  de¬ 
prived  of  it.  For,  the  days  and  nights  are  always 
equally  long  at  the  equator  :  and  in  all  places  that 
have  latitude,  the  days  at  one  time  of  the  year, 
are  exactly  equal  to  the  nights  at  the  oppofite 
feafon.  / 
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PROBLEM  XXL 

To  find  in  what  latitude  the  fun  Jhines  confiantly  with^ 
out  fettingy  for  any  length  of  time  kfs  than  *  i  8  2  ^ 
of  our  days  and  nights. 

Find  a  point  In  the  ecliptic  half  as  many  de¬ 
grees  from  the  beginning  of  cancer^  (either  toward 
aries  or  libra)  as  there  are  i"  natural  days  in  the 
time  given ;  and  bring  that  point  to  the  north  fide 
of  the  brafen  meridian,  on  which  the  degrees  are 
numbered  from  the  pole  towards  the  equator  :  then» 
keep  the  globe  from  turning  on  its  axis,  and  Aide 
the  meridian  up  or  down,  until  the  forefaid  point 
of  the  ecliptic  comes  to  the  north  point  of-  the 
horizon,  and  then,  the  elevation  of  the  pole  will 
be  equal  to  the  latitude  required.  . 

PROBLEM  XXII. 

The  latitude  of  a  place ^  not  exceeding  66 ^  degrees^ 
and  the  day  of  the  month  being  given  ;  to  find  the 
fun^s  amplitude^  or  point  of  the  compafs  on  which 
he  rifes  or  fets, 

Redlify  the  globe,  and  bring  the  fun’s  place  to 
the  eaftern  fide  of  the  horizon ;  then  obferve  what 

^  The  reafon  of  this  limitation  is,  that  iSai-  of  our  days 
and  nights  make  half  a  year,  which  is  the  longeft  time  that 
the  fun  ihines  without  fetting,  even  at  the  poles  of  the  earth*  v 
f  A ‘natural  day,  contains  the  whole  24  hours :  an  arti¬ 
ficial  day,  the  time  that  the  fun  is  above  the  horizon. 

point 
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point  of  the  compafs  on  the  horizon  ftands  right 
againft  the  fun’s  place,  for  that  is  his  amplitude 
at  rifing.  This  done,  turn  the  globe  weftward, 
until  the  fun’s  place  comes  to  the  weflern  fide  of 
the  horizon,  and  it  will  cut  the  point  of  his  am¬ 
plitude  at  fetting.  Or,  you  may  count  the  rifing 
amplitude  in  degrees,  from  the  eaft  point  of  the 
horizon,  to  that  point  where  the  fun’s  place  cuts 
it ;  and  the  fetting  amplitude,  from  the  weft  point 
of  the  horizon,  to  the  fun’s  place  at  fetting. 

I 

PROBLEM  XXIIL 

^he  latitude^  the  furds  place ^  and  his  *  altitude.^  he^ 
ing  given  \  to  find  the  hour  of  the  day^  and  the 
funs  azimuth or  number  of  degrees  that  he  is  difiant 
from  the  meridian. 

Redlify  the  globe,  and  bring  the  fun’s  place  to 
the  given  height  upon  the  quadrant  of  altitude  ; 
on  the  eaftern  fide  of  the  horizon,  if  the  time  be 
f  n  the  forenoon  ;  or  the  weftern  fide,  if  it  be  in  the 
afternoon  :  then,  the  index  will  fhew  the  hour, 
and  the  number  of  degrees  in  the  horizon,  inter¬ 
cepted  between  the  quadrant  of  altitude  and  the 
fouth  point,  wUl  be  the  fun’s  true  azimuth  at  that 
,  time. 

N.  B.  Always  when  the  quadrant  of  altitude  is 
mentioned  in  working  any  problem,  the  graduated 
edge  of  it  is  meant. 

*  The  fun’s  altitude,  at  any  time,  is  his  height  above 
the  horizon  at  that  time. 

If 
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If  this  be  done  at  fea,  and  compared  with  the^ 
fun’s  azimuth,  as  (hewn  by  the  compafs,  if  they 
agree,  the  compafs  has  no  variation  in  that  place  : 
but  if  they  differ,  the  compafs  does  vary  ;  and 
the  variation  is  equal  to  this  difference. 

PROBLEM  XXIV. 

^'he  latitude^  hour  of  the  day^  and  the  fun^s  plact^ 
being  given  \  to  find  the  fiuTis  altitude  and  a2d^ 
muth. 

Re(5lify  the  globe,  and  turn  it  until  the  index 
points  to  the  given  hour  ;  then  lay  the  quadrant 
of  altitude  over  the  fun’s  place  in  the  ecliptic,  and 
the  degree  of  the  quadrant  cut  by  the  fun’s  place  is 
his  altitude  at  that  time  above  the  horizon  ;  and 
the  degree  of  the  horizon  cut  by  the  quadrant  is 
the  fun’s  azimuth,  reckoned  from  the  fouth. 

PROBLEM  XXV. 

^‘he  latitude^  the  fun^s  altitude^  and  bis  azimuth  being 
given  ;  to  find  his  place  in  the  ecliptic^  the  day  of 
the  months  and  hour  of  the  day^  though  they  had 
all  been  lofi. 

I 

Reflify  the  globe  for  the  latitude  and  *  zenith, 
and  fee  the  quadrant  of  altitude  to  the  given  azi- 

*  By  re(ftifying  the  globe  for  the  zenith,  is  meant  ferewing 
the  quadrant  of  altitude  to  the  given  latitude  gn  the  brais 
meridian, 

much 
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muth  in  the  horizon  ;  keeping  it  there,  turn  the 
globe  on  its  axis  until  the  ecliptic  cuts  the  quadrant 
in  the  given  altitude  :  that  point  of  the  ecliptic 
which  cuts  the  quadrant  there,  will  be  the  fun’s 
place ;  and  the  day  of  the  month  anfwering  there¬ 
to,  will  be  found  over  the  like  place  of  the  fun  on' 
the  wooden  horizon.  Keep  the  quadrant  of  alti¬ 
tude  in  that  pofition,  and  having  brought  the  fun’s 
place  to  the  brafen  meridian,  and  the  hour  index 
to  XII  at  noon,  turn  back  the  globe,  until  the  fun’s 
place  cuts  the  quadrant  of  altitude  again,  and  the 
index  will  fliew  the  hour. 

Any  two  points  of  the  ecliptic  which  are  cqui- 
diftant  from  the  beginning  of  cancer  or  of  cafri- 
corn^  will  have  the  fame  altitude  and  azimuth  at 
the  fame  hour,  though  the  months  be  different ; 
and  therefore  it  requires  fome  care  in  this  problem, 
not  to  miftake  both  the  month  and  the  day  of  the 

month  ;  to  avoid  which,  obferve,  that  from  the 

• 

20th  of  March- to  the  21ft  of  June,  that  part  of 
the  ecliptic  which  is  between  the  beginning  of  ark^ 
and  beginning  of  cancer  is  to  be  ufed :  from  the 
2 1  ft  of  June  to  the  23d  of  September,  between 
the  beginning  cA  cancer  and  beginning  of  libra: 
from  the  23d  of  September  to  the  21ft  of  Decem¬ 
ber,  between  the  beginning  of  libra  and  the  be¬ 
ginning  of  capricorn:  and  from  the  21ft  of  De¬ 
cember  to  the  20th  of  March,  between  the  begin¬ 
ning  of  capricorn  and  beginning  of  arks.  And  as 
one  can  never  be  at  a  lofs  to  know  in  what  quarter 
of  the  year  he  takes  the  fun’s  altitude  and  azimuth, 
the  above  caution,  with  regard  to  the  quarters  of 

the 
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the  ecliptic,  will  keep  him  right  as  to  the  month, 
and  day  thereof. 

PROBLEM  XXVL 

^0  find  the  length  of  the  longejl  day  at  any  given  place ^ 

If  the  place  be  on  the  north  fide  of  the  equator, 
find  its  latitude  by  Prob.  i.)  and  elevate  the  north 
pole  to  that  latitude  ;  then,  bring  the  beginning  of 
cancer  S  to  the  brafen  meridian,  and  fet  the  hour 
index  to  XII  at  noon.  But  if  the  given  place  be 
on  the  fouth  fide  of  the  equator,  elevate  the  fouth 
pole  to  its  latitude,  and  bring  the  beginning  of  ca^ 
pricorn  'V?  to  the  brafs  meridian,  and  the  hour  in¬ 
dex  to  XII.  This  done,  turn  the  globe  weftward, 
until  the  beginning  of  cancer  or  capricorn  (as  the 
latitude  is  north  or  fouth)  comes  to  the  horizon ; 
and  the  index  will  then  point  out  the  time  of  fun- 
fetting,  for  it  will  have  gone  over  all  the  afternoon 
hours,  between  mid-day  and  fun-fet;  which  length 
of  time  being  doubled,  will  give  the  whole  length 
of  the  day,  from  fun-rifing  to  fun- fetting.  For,' 
in  all  latitudes,  the  fun  rifes  as  long  before  mid¬ 
day  as  he  fets  after  it. 

PROBLEM  XXVII. 

To  find  in  what  latitude  the  longeft  day  is  of  any  given 
lengthy  lefs  than  24  hours. 
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If  the  latitude  be  north,  bring  the  beginning  of 
cancer  to  the  brafen  meridian,  and  elevate  the  north 
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pole  to  about  664  degrees  ,  but  if  the  latitude  be  | 

Ibuth,  bring  the  beginning  of  capricorn  to  the  me-  k 

ridian,  and  elevate  the  fouth  pole  to  about  66|-  de-  | 

grees  *,  becaufe  the  longeft  day  in  north  latitude,  I 

is  when  the  fun  is  in  the  firft  point  of  cancer  \  and  ; 

in  fouth  latitude,  when  he  is  in  the  firft  point  of  | 

capricorn.  Then  fet  the  hour  index  to  XII  at  noon,  j 

and  turn’ the  globe  weftward,  until  the  index  points 
at  half  the  number  of  hours  given  ;  which  done, 
keep  the  globe  from  turning  on  its  axis,  and  Aide 
the  meridian  down  in  the  notches,  until  the  afore-  i 
faid  point  of  the  ecliptic  (viz.  cancer  or  capricorn) 
comes  to  the  horizon  j  then,  the  elevation  of  the  ' 
pole  will  be  equal  to  the  latitude  required. 

PROBLEM  XXVIII, 

^he  latitude  of  any  place,,  not  exceeding  66^  degree's ^ 
being  given  \  to  find  in  what  ^  climate  the  place  is. 

Find  the  length  of  the  longeft  day  at  the  given 
place,  by  Prob.  26.  and  whatever  be  the  number 
of  hours  whereby  it  exceedeth  twelve,  double  that 

*  A  climate^  from  the  equator  to  either  of  the  polar  cir¬ 
cles,  is  a  trad  of  the  earth’s  furface,  included  between  two 
fuch  parallels  of  latitude,  that  the  length  of  the  longeft  day 
in  the  one  exceeds  that  in  the  other  by  half  an  hour  :  but 
from  the  polar  circles  to  the  poles,  where  the  fun  keeps  long 
above  the  horizon  without  fetting,  each  climate  differs  a 
whole  month  from  the  one  next  to  it.  There  are  24  climates 
between  the  equator  and  each  of  the  polar  circles  ;  and  fix 
from  each  polar  circle  to  its  refpedivc  pole. 

number, 
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number,  and  the  fum  will  give  the  climate  in  ■ 
which  the  place  is. 

PROBLEM  XXIX. 

^'he  latitude^  mid  the  day  sf  the  mouthy  being  green  \  to 
>  find  the  hour  of  the  day  when  the  fun  fioines. 

Set  the  wooden  horizon  truly  level,  and  the 
brafen  meridian  due  north  and  fouth  by  a  mari¬ 
ner’s  comp'afs  :  then,  having  redlihed  the  globe, 
flick  a  fmall  Tewing- needle  into  the  fun’s  place  in 
the  ecliptic,  perpendicular  to  that  part  of  the  fur- 
face  of  the  globe  :  this  done,  turn  the  globe  on 
its  axis,  until  the  needle  comes  to  the  brafen  me¬ 
ridian,  and  fet  the  hour  index  to  XII  at  noon  ; 
then,  turn  the  globe  on  its  axis,  until  the  needle 
points  exadlly  towards  the  fun  (which  it  will  do 
when  it  calls  no  fhadow  on  the  globe)  and  the  in¬ 
dex  will  fhew  the  hour  of  the  day. 

PROBLEM  XXX. 

^  pie af ant  way  of  fhewing  all  thofe  places  of  the 
,  earth  which  are  enlightened  by  the  fun^  and  alfo 
the  time  of  ^  the  day^  when  the  fun  fhines. 

7"ake  the  terrellrial  ball  out  of  the  wooden  ho¬ 
rizon,  and  alfo  out  of  the  brafen  meridian  ;  then 
fet  it  upon  a  pedeflal  in  fun~fliine,  in  fuch  a  man¬ 
ner  that  its  north  pole  may  point  diredlly  towards 
the  north  pole  of  the  heaven,  and  the  meridian  of 
the  place  where  you  are  be  direflly  towards  the 

X  fouth. 
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fouth.  Then,  the  fun  wul  fhine  upon  all  the  like 
places  of  the  globe  that  he  does  on  the  real  earth, 
rifing  to  fome  when  he  is  fetting  to  others ;  as  you 
may  perceive  by  that  part  where  the  enlightened 
half  of  the  globe  is  divided  from  the  half  in  the 
fhade,  by  the  boundary  of  the  light  and  darknefs  r 
all  thofe  places  on  which  the  fun  Hiines,  at  any 
time,  having  day  j^and  all  thofe  on  which  he  does 
not  fhine,  having  night. 

If  a  narrow  Hip  of  paper  be  put  round  the  equa¬ 
tor,  and  divided  into  24  equal  parts,  beginning  at 
the  meridian  of  your  place,  and  the  hours  fet  to 
thofe  divifions  in  fuch  a  manner,  that  one  of  the 
'"VTs  may  be  upon  your  meridian  ;  the  fun  being 
upon  that  meridian  at  noon,  will  then  fhine  ex- 
aclly  to  the'twoXiPs  ;  and  at  one  o’clock  to  the 
two  Fs,  &:c.  So  that  the  place,  where  the  en¬ 
lightened  half  of  the  globe  is  parted  from  the  (had¬ 
ed  half,  in  this  circle  of  hours,  will  fhew  the  hour 
of  the  day. 

The  principles  of  dialing  fhall  be  explained  inb 
the  next  leflure,  by  the  terreftrial  globe.  At  pre- 
fent  we  fhall  only  add  the  following  obfervations 
upon  itj  and  then  proceed  to  the  ufe  of  the  celeftial 
globe. 

! .  T'he  latitude  of  any  place  is  always  equal  to  the 
elevation  of  the  pole  above  the  horizon  of  that  place 
and  the  elevation  of  the  equator  is  equal  to  the  comple¬ 
ment  of  the  latitude^  that  is^  to  what  the  latitude  wants 
■  of  (^o  degrees, 

2.  Thofe  places  which  lie  on  the  equator  have  no  la-^ 
titude^  it  being  there  that  the  latitude  begins ;  and 
thofe  places  which  Ik  on  the  firft  rnaidian  have  no  Ion- 
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ghude^  it  being  there  that  the  longitude  begins,  Con^ 
Jequently^i  that  particular  glace  of  the  earth  where  the 
firfl  meridian  interfebis  the  equator^  has  neither  longi¬ 
tude  nor  latitude, 

3 .  In  all  places  of  the  earth  except  the  poles,,  all 
?  the  points  of  the  co^npafs  may  be  diftinguifhed  in  the 
:j  horizon  :  but  from  the  north  pole,,  every  place  is  fouth  \ 
j  and  from  the  fouth  pole,,  every  place  is  north,  there¬ 
fore,,  as  the  fun  is  conftantly  above  the  horizon  of  each 
pole  for  half  a  year  in  its  turn,,  he  cannot  be  faid 
!  to  depart  from  the  ?neridian  of  either  pole  for  half  a 
1  year  together,  Confequently,,  at  the  north  pole  it  may 
I  be  faid  to  be  noon  every  moment  for  half  a  year  \  and 
I  let  the  zvinds  blow  from^what  part  they  will,,  they 
;!  mufl  always  blow  from  the  fouth  ;  ajjd  at  the  fouth- 
j:  pole,  from  the  north, 

i|  4.  Becaufe  one  half  of  the  ecliptic  is  above  the  ho¬ 
rizon  of  the  pole,  and  the  fun,  moon  and  playlets,, 
move  in  ( or  nearly  In )  the  ecliptic  5  they  will  all  rife 
\  and  fet  to  the  poles.  But,  becaufe  the  ftars  never 
\  change  their  declinations  from  the  equator,  (at  leaf 
not  fenfthly  in  one  age)  thofe  which  are  once  above  the 
horizon  of  either  'pole,  rtzver  fet  below  it  and  thofe 
which  are  once  belpw  it  never  rife, 

5.  All  places  of  the  ea7''th  do  equally  enjoy  the  benefit 
of  the  fun  in  refpebi  of  fims,  and  are  equally  deprived 
of  it, 

6.  All  places  upon  the  equator  have  their  days  and 
\  nights  equally  long,  that  is,  1 2  hours  each,  at  all  times 
I  of  the  year.  For,  although  the  fun  declines  alter¬ 
nately,  from  the  equator  towards  the  north  and  to- 

\  wards  the  fouth,  yet,  as  the  horizon  of  the  equator 
I  X  2  cuts 
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ciHs  all  the  parallels  of  latitude  and  declination  in 
halves^  the  fun  muft  always  continue  above  the  hori¬ 
zon  for  one  half  a  diurnal  revolution  about  the  earthy 
and  frr  the  other  half  below  it. 

7.  When  the  fun's  declination  is  greater  than  the 
latitude  of  any  place.,  upon  either  fide  of  the  eqtiatory 
the  fun  will  come  twice  to  the  fame  azimuth  or  point  of 
the  compafs  in  the  forenoon,  at  that  place  ;  and  twict 
to  a  like  azimuth  in  the  afternoon  *,  that  is,  he  will 
go  twice  hack  every  day,  whilft  his  declination  continues 
to  he  greater  than  the  latitude.  Thus,  fuppofe  the 
globe  rebfijied  to  the  latitude  of  Barhadoes,  which  is 
1 3  degrees  north  and  the  fun  to  he  any  where  in  the 
*  ecliptic,  between  the  middle  of  taurus  and  middle  of 
leo if  the  quadrant  of  altitude  he  fet  to  about  *  18 
degrees  north  of  the  eajl  in  the  horizon,  the  fun's 
phce  he  marked  with  a  chalk  upon  the  ecliptic,  and  the 
globe  he  then  turned  weft  ward  on  its  axis,  the  faid 
mark  will  rife  in  the  horizon  a  little  to  the  north  of 
the  quadrant,  and  thence  afcending,  it  will  crofs  the 
quadrant  towards  the  fouth  ;  but  before  it  arrives  at 
the  meridian  it  will  crofs  the  quadrant  again,  and  pafs 
ever  the  meridian  northward  of  Barhadoes.  And  if 
the  quadrant  he  fet  about  1 8  degrees  north  of  the  weft, 
the  fun's  place  will  crofs  it  twice,  as  it  defeends  from 
the  meridian  tovoards  the  horizon,  in  the  afternoon.^ 

In  all  places  of  the  earth  between  the  equator 
and  poles,  the  days  and  nights  are  equally  long,  viz. 
12  hours  each,  when  the  fun  is  in  the  equinobfial  t 
for,  in  all  elevations  of  the  pole,  fhort  of  90  degrees 

*  From  tlie  middle  of  gemlni  to  the  middi'#  of  cancer, 
the  quadrant  may  be  fet  20  degrees, 
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{which  is  the  greatefi )  one  half  of  the  equator  or  eqiil- 
no5lial  will  be  above  the  horizon^  and  the  other  half 
below  it. 

9.  The  days  and  nights  are  never  of  an  equal 
length  nt  any  place  between  the  equator  and  polar  cir^- 
cles^  but  when  the  fun  enters  the  Jigns  ^  aries  and 
^  libra.  For  in  every  other  part  of  the  ecliptiq^  the 
circle  of  the  funs  daily  motion  is  divided  into  twuo  un¬ 
equal  parts  by  the  horizon. 

10.  The  nearer  that  any  place  is  to  the  equatoVy 
the  lefs  is  the  difference  between  the  length  of  the  days 
and  nights  in  that  place  ,  and  the  more  remotey  the 
contrary.  The  circles  which  the  fun  defcribes  in  the 
heaven  every  24  hourSy  being  cut  more  nearly  equal 
in  the  former  cafcy  and  more  unequally  in  the  latter. 

11.  In  all  places  lying  upon  any  given  parallel  of 
latitude y  however  long  or  fhort  the  day  or  night  be  at 
any  one  of  thefe  places  y  at  any  time  of  they  ear  y  it  is 
then  of  equal  length  at  all  the  refi  •,  fory  in  turning  the 
globe  round  its  a:^is  (when  reblified  according  to  the 
funs  declination)  all  thefe  places  will  keep  equally  long 
above  orbelow  the  horizon. 

12.  The  fun  is  vertical  twice  a  year  to  every  place 
between  the  tropics 'y  to  thofe  under  the  tropics y  once 
ayeary  but  never  any  where  elfe.  Fory  there  can  be 
no  place  between  the  tropicSy  but  what  there  are  two 
points  in  the  ecliptic  whofe  declination  from  the  equator 
is  equal  to  the  latitude  of  that  place  j  and  but  one 
point  of  the  ecliptic  which  has  a  declination  equal  to 
the  latitude  of  places  on  the  tropic  which  that  point 
d)/  the  ecliptic  touches  :  and  as  the  fun  never  goes 
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without  the  tropics^  he  can  never  be  vertical  to  any 
place  that  lies  without  them, 

^'o  all  places  in  the  torrid  zone^  the  duration 
of  the  twilight  is  leafi\  becaufe  the  fun  s  daily  motion 
is  the  mo  ft  perpendicular  to  the  horizon.  In  the 
frigid  zones.,  greateft ;  becauje  the  fun  s  daily  'mo¬ 
tion  is  nearly  parallel  to  the  horizon  ;  and  therefore 
he  is  the  longer  of  getting  i8  degrees  below  it  (till 
which  time  the  twilight  always  continues) .  And  in 
the  §  temperate  zones  it  is  at  a  medium  between  the 
two^  becaufe  the  oblic[uity  of  the  fun  s  daily  motion  is 
fo, 

14.  In  alfp)Iaces  lying  exablly  under  the  polar  cir- 
cles^  the  fun.,  when  he  is  in  the  neareft  tropic.^  con¬ 
tinues  24  hours  above  the  horizon  without  fetting  i 
becaufe  no  part  of  that  tropic  is  below  their  horizon. 
And  when  the  fun  is  in  the  far  theft  tropic,  he  is  for 
the  fame  length  of  time  without  riftng  *,  becaufe  no 
part  of  that  tropic  is  above  their  horizon.  But,  at 
all  other  times  of  the  year ^  he  rifes  and  fets  there,  as 
in  other  places  ;  becauje  all  the  circles  that  can  be 
drawn  parallel  to  the  equator,  between  the  tropics, 
are  more  or  lefs  cut  by  the  horizon,  as  they  are  far¬ 
ther  from,  or  nearer  to,  that  tropic  which  is  all  above 
the  horizon  :  and  when  the  fun  is  not  in  either  of  the 
tropics,  his  diurnal  courfe  muft  be  in  one  or  other  of 
ihefe  circles. 

1 5.  Bo  all  places  in  the  northern  hemifphere,  from 
the  equator  to  the  polar  circle,  the  longeft  day  and 
fbortejl  night  is  when  the  fun  is  in  the  northern  tropic 

Between  the  tropics.  f  Between  the  polar  circles  and 
poles.  §  Between  the  tropics  and  polar  circles. 
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and  the  JbcrteJi  day  and  longeft  night  is  when  the  fun 
h  in  the  fouthern  tropic  ;  becaufe  noxircle  of  the  funs 
daily  motion  is  fo  much  above  the  horizon^  and  fo  little 
I  below  it^  as  the  northern  tropic  *,  and  none  fo  little 
I  above  it^  and  fo  much  belo'W  it^  as  the  fouthern.  In  the 
I  fouthern  hemifphere^  the  contrary. 

i6.  In  all  places  between  the  polar  circles  and 
poles ^  the  fun  appears  for  fome  number  of  days  [or  ra- 
j  ther  diurnal  revolutions)  without  fetting  •,  and  at  the 
I  cppofite  time  of  the  year  without  rifing  *,  becaufe  fome 
part  of  the  ediptic  never  fets  in  the  former  cafe.,  and 
as  much  of  the  oppofite  part  never  rifes  in  the  latter, 
dnd  the  nearer  unto,  or  the  more  remote  from  the 
pole,  thefe  places  are.,  the  longer  or  Jh  or  ter  is  .the  funs 
continual  pre fence  or  ah  fence. 

ly.  If  a  fhip  fets  out  from  any  poi^t,  and  fails 
round  the  earth  eajiward  to  the  fame  port,  again,  let 
her  take  what  time  fhe  will  to  do  it  in,  the  people  in 
that  fhip,  in  reckoning  their  time,  will  gain  one  cam  ^ 
pleat  day  at  their  return,  or  count  one  day  more  than 
thofe  who  refide  at  the  fame  port  *,  becaufe,  by  going 
contrary  to  the  fun's  diurnal  motion,  and  being  for 
warder  every  evening  than  they  were  in  the  morning, 
their  horizon  will  get  fo  much  the  fooner  above  the 
fetting  fun,  than  if  they  had  kept  for  a  whole  day  at 
any  particular  place.  And  thus,  by  cutting  off  a  part 
proportionable  to  their  own  motion,  from  the  length 
of  every  day,  they  will  gain  a  compleat  day  of  that 
fort  at  their  return  ;  without  gaining  one  moment  of 
abfolute  time  more  than  is  elapfed  during  their  courfe, 
to  she  people  at  the  port.  If  they  fail  weftward,  they 
will  reckon  one  day  lefs  than  the  people  do  who  refide 
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at  the  faidportj  hecaufe  by  gradually  following  the  ap-- 
parent  diurnal  motion  of  the  fun^  they  will  keep  him 
•  each  particular  day  fo  much  longer  above  their  horizon^ 

as  anfwers  to  that  day's  courfe  :  and  by  that  means 
they  cut  of  a  whole  day  in  reckonings  at  their  return^ 
without  lofmg  one  moment  of  ahfolute  tme. 

Bences  if  two  fhips  fhould  fet  out  at  the  fame  time 
from  a7iy  ports  and  fail  rotmd  the  globe  ^  one  eaftward 
and  the  other  zveftward^  fo  as  to  meet  at  the  fame  poH 
on  any  day  whatever  \  they  will  differ  tzvo  days  in 
reckoning  their  times  iheir  return.  If  they  fail 
twice  round  the  earthy  they  will  differ  four  days  \  if 
thrice s  thenfxs 

Thecelcf-  Having  done,  for  the  prelent,  with  the  terreftrial 
globe,  we  ilial!  proceed  to  tne  life  of  the  celeftial ; 
flrit  premifing,  that  as  the  equator,  ecliptic,  tro¬ 
pics,  polar  Circles,  norizon,  and  brazen  meridian, 
are  exadly  alike  on  both  globes,  all  the  former 
problems  concerning  the  fun  are  folved  the  fame 
way  by  both,  and  therefore  it  is  needlefs  to  repeat 
To  rc^iify  tneiTi.  The  method  alfo  of  reblifying  the  celeftial 
globe  is  the  lame  as  rebfifying  the  terreftrial,  viz. 
b.levate  the  pole  according  to  the  latitude  of  your 
pjace,  then  fcrew  the  quadrant  of  altitude  to  the 
zenith,  on  the  brafs  meridian  •,  bring  the  fun’s 
place  in  the  ecliptic  to  the  graduated  edge  of  the 
brafs  meridian,  on  the  fide  which  is  above  the  fouth 
point  of  the  wooden  horizon,  and  fet  the  hour 
index  to  the  uppermoft  XII,  which  ftands  for  noon, 
B.  jj.  T  he  fun’s  place  for  any  day  of  the  year 
ffands  direblly  over  that  day,  on  the  horizon  of  the 
celefiia!  globe,  as  it  does  on  that  of  the  terreflrial, 
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The  latitude  and  longitude  of  any  ftar^  or  other  Latitiuie 
||  celeftial  phenomenon,  is  reckoned  in  a  very  dif- 
|j  ferent  manner  from  the  latitude  and  longitude  ofjiars. 
r  any  place  on  the  earth  :  for  ail  terreflrial  latitudes 
I  are  reckoned  from  the  equator ;  and  longitudes 
from  the  meridian  of  fome  remarkable  place,  as 

JL  *  , 

of  London  by  the  Engliih,  and'  Paris  by  the 
French  ;  though  moft  of  the  French  maps  begin 
their  longitude  at  the  meridian  of  the  iiland  Fer^ 
i  ro. — -But  the  aftronomers  of  all  nations  agree  in 

i  reckoning  the  latitudes  of  the  ffars,  planets,  and 

I  comets,  from  the  ecliptic  \  and  their  longitudes  from 

the  ^  equinodiial  colure^  in  that  femicircle  of  it  which 
cuts  the  ecliptic  at  the  beginning  of  aries  T’  ;  arid 
thence  eafliward,  quite  round,  to  the  fame  femL 
circle  again.  Confequently,  all  thofe  ftars  which 
lie  between  the  equinodlial  and  the  northern  half 
of  the  ecliptic,  have  north  declination  and  fouth 
latitude ;  and  all  thofe  which  lie  between  the  equi- 
nodbal  and  the  fouthern  half  of  the  ecliptic,  have 
fouth  declination  and  north  latitude  ;  and  all  thofe 
which  lie  between  the  tropics  and  poles,  have  their 
declinations  and  latitudes  of  the  fame  denomina-s 
tion. 

I* 

*  lehe  great  circle  that  pafTes  through  the  equlnoSllal  points  ' 
at  the  beginning  of  T  and  and  through  the  poles  of  the 
nvorldy  (which  are  two  oppofite  points,  each  90  degrees  from 
the  equinoctial)  is  called  t\\.Q  equinoeiial  colure:  and  the 
circle  that  paffes  through  the  beginning  of  93  and  kf,  and  alfo 
through  the  poles  of  the  ecliptic^  and  poles  of  the  world,  is 
called  the  folficial  colure. 
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T^he  ufe  of  the  celefml  gloht. 

There  are  fix  great  circles  on  the  celeftial  globe, 
which  cut  the  ecliptic  perpendicularly,  and  meet 
in  two  oppofite  points  in  the  polar  circles ;  which 
points  are  each  go  degrees  from  the  ecliptic,  and  are 
called  its  poles.  Thefe  points  divide  the  faid  cir¬ 
cles  into  12  femicircles  *,  and  they  cut  the  ecliptic 
at  the  beginnings  of  the  12  figns.  They  refem- 
ble  fo  many  meridians  on  the  terreftrial  globe  % 
and  as  all  places  which  Me  under  any  particular 
meridian  femicircle  on  that  globe,  have  the  fame 
longitude,  fo  ail  thofe  points  of  the  heaven,  through 
which  any  one  of  the  above  femicircles  are  drawn, 
have  the  fame  longitude.- — And,  as  the  greatefb  la- 
^titudes  on  the  earth  are  at  the  north  and  fouth 
poles  of  the  earth,  fo  the  greateft latitudes  in  the 
heaven,  are  at  the  north  and  4i#uth  pole^  of  the 
ecliptic. 

In  order  to  diflinguilh  the  ftars,  with  regard  to 
their  fituations  and  pofitions  in  the  heaven,  the 
antients  divided  the  whole  vifible  firmament  of 
ftars  into  particular  fyftems,  which  they  called 
conjiellations ;  and  digefled  them  into  the  forms  of 
fuch  animals  as  are  delineated  upon  the  celeftial 
elobe.  And  thofe  which  lie  between  the  ficrures 

O  O 

of  thefe  imaginary  animals,  and  could  not  be 
brought  within  the  compafs  of  any  of  them,  were 
cdWtd  unformed  ftars. 

Becaufe  the  moon  and  all  the  planets  were  ob- 
ferved  to  move  in  circles  or  orbits  which  crofs  the 
ecliptic  (or  line  of  the  fun’s  path)  at  fmall  angles, 
and  to  be  on  the  north  fide  of  the  ecliptic  for  one 
half  of  their  courfe  round  the  heaven  of  ftars,  and 
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on  the  fouth  fide  of  it  for  the  other  half,  but  ne¬ 
ver  to  go  quite  8  degrees  from  it  on  either  fide,  the 
antients  diftinguifhed  that  fpace  by  two  leffer  cir¬ 
cles,  parallel  to  the  ecliptic,  (one  on  each  fide)  at 
8  degrees  diftance  from  it.  And  the  fpace  included 
betv/een  thefe  circles,  they  called  the  zodiac^  ht- Zodiac, 
caufe  mofl  of  the  12  conflellations  placed  therein, 
refemble  fome  living  creature.— Thefe  conftella- 
lions  are,  i,  Aries  the  ram*,  2.  "Taurus  (5 ,  its  figns,  or 
'  the  bull;  3.  Gemini  H,  the  twins*,  4.  Cancer  ^ 
the  crab*,  5.  Leo  S\.,  the  lion*,  6.  Virgo  1^,  the 
virgin  5  7.  IJl?ra  the  balance  ;  8.  Sco'rpio  TI|,, 
the  fcorpion  ;  9.  Sagittarius  jb ,  the  archer  ;  10.  Ca- 
pricornus  V?,  the  goat ;  ii.  Aquarius  the  w^a- 
ter  bearer  ;  and  12.  Pifces  the  fifiies. 

It  is  to  be  obferved,  that  in  the  infancy  of  af- Remark* 
tronomy,  thefe  twelve  confiellations  fhood  at  or 
near  the  places  of  the  ecliptic,  where  the  above 
charadferiftics  are  marked  upon  the  globe  :  but 
now,  each  conftellation  is  a  whole  fign  forwarder, 
on  account  of  the  recelTion  of  the  equinodlial  points 
from  their  former  places.  So  that  the  conftellation 
of  aries^  is  now  in  the  former  place  of  tauriis  ;  that 
of  tauruSy  in  the  former  place  of  gemini  ^  and  fo 


on. 


The  ftars  appear  of  different  magnitudes  to  the 
eye  ;  probably  becaufe  they  are  at  different  dif- 
tances  from  us.  Thofe  which  appear  brighteft  and 
largeft,  are  called  ftars  of  the  firft  magnitude  \  the 
next  to  them  in  fize  and  luftre,  ftars  of  the  fecond 
magyiitide  *,  and  fo  on  to  the  fixth^  which  are  the 
fmalleft  that  can  be  difcerned  by  the  bare  eye. 

Some 
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Some  of  the  mod  remarkable  ftars  have  names 
given  them,  as  cafibr  and  pollux  in  the  heads  of  the 
twins,  ftrius  in  the  mouth  of  the  great  dog,,  procyon 
in  the  fide  of  the  little  dog^  rigel  in  the  left  foot  of 
crion,,  ar^lurus  near  the  right  thigh  of  hoctes^  &:c. 

Thefe  things  being  premifed,  which  I  think  are 
all  that  the  young  Tyro  need  be  acquainted  with, 
before  he  begins  to  work  any  problem  by  this 
globe,  we  fhall  now  proceed  to  the  mod  ufeful  of 
thofe  problems  *,  omitting  feveral  which  are  of  lit¬ 
tle  or  no  confequence. 

PROBLEM  1. 

"To  -find  the  *  right  afcenfton  and  -f  declination  of  the 

fun,^  or  any  fixed  ftar. 

Bring  'the  fun*s  place  in  the  ecliptic  to  the  brafen 
meridian,  then  that  degree  in  the  equinodfial  which 
is  cut' by  the  meridian,  is  the  fun’s  right  afcenfion%, 
and  that  degree  of  the  meridian  which  is  over  the 
fun’s  place,  is  his  declination.  Bring  any  fixed  dar 
to  the  meridian,  and  its  right  afcenfton  will  be  cut 
by  the  meridian  in  the  equinocliaL,  and  the  degree 
of  the  meridian  that  d^nds  over  it,  is  its  declina¬ 
tion, 

*  The  degree  of  tlie  equinoctial,  reckoned  from  the  be¬ 
ginning  of  aricj,  that  comes  to  the  meridian  with  the  fun  or 
£tar,  is  its  right  afcenjton. 

-f-  The  diflance  of  the  fun  or  ftar  in  degrees  from  the 
equinodial,  towards  either  of  the  poles,  north  or  fouth,  is  its 
declinatior!,  which  is  morui  or  fouth  accordingly. 

So 
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So  that  right  afcenfion  and  declination^  on  the 
celeftial  globe,  are  found  in  the  fame  manner  as 
longitude  and  latitude  on  the  terreftriaL 

.  P  R  O  B  L  E  M  11. 

/ 

iT 0  find  the  latitude  and  longitude  of  any  ftar. 

If  the  given  ftaf  be  on  the  north  fide  of  the 
ecliptic,  place  the  90th  degree  of  the  quadrant  of 
altitude  on  the  north  pole  of  the  ecliptic,  where 
the  twelve  femicircles  meet ;  which  divide  the 
ecliptic  into  the  12  figns  :  but  if  the  ftar  be  on 
the  fouth  fide  of  the  ecliptic,  place  the  90th  de¬ 
gree  of  the  quadrant  on  the  fouth  pole  of  the  eclip¬ 
tic  :  keeping  the  90th  degree  of  the  quadrant  on 
the  proper  pole,  turn  the  quadrant  about,  until  its 
sraduated  edge  cuts  the  (far  :  then,  the  number  of 
degrees  in  the  quadrant,  between  the  ecliptic  and 
the  ftar,  is  its  latitude  ;  and  the  degree  of  the' 
ecliptic'  cut'  by  the  quadrant,  is  the  liar’s  longi¬ 
tude,  reckoned  according  to  the  fign  in  which  the 
quadrant  then  is. 

P  R  O  B  L  E  M  III. 

,  ^  ! 

To  reprefent  the  face  of  the  flarry  firmament^  as  fiecn 
from  any  given  place  of  the_  earthy  at  any  hour  of 
the  night. 

\ 

Rectify  the  celeftlal  globe  for  the  given  latitude, 
the  zenith,  and  fun’s  place,  in  every  refped:,  as 

taught 
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taught  by  the  17th  problem,  for  the  terreftrial ;  I 
and  turn  it  about,  until  the  index  points  to  the  | 
given  hour  :  then,  the  upper  hemifphere  of  the 
globe  will  rcprefent  the  vifible  half  of  the  heaven 
for  that  time  :  all  the  liars  upon  the  globe  being 
then  in  fuch  fituations,  as  exa6lly  correfpond  to 
thofe  in  the  heaven.  And  if  the  globe  be  placed 
duly  north  and  fouth,  by  means  of  a  fmall  fea- 
compafs,  every  liar  in  the  globe  will  point  toward 
the  like  liar  in  the  heaven  :  by  which  means,  the 
conftellations  and  remarkable  ftars  may  be  eafily  | 
known.  All  thofe  liars  which  are  in  the  eallern  j 

fide  of  the  horizon,  are  then  rifing  in  the  eallern  i 

fide  of  the  heaven  ;  all  in  the  v/eftern,  are  fetting 
in  the  wellern  fide  *,  and  all  thofe  under  the  upper 
part  of  the  brafen  meridian,  between  the  fouth 
point  of  the  horizon  and  the  north  pole,  are  at 
their  greateft  altitude,  if  the  latitude  of  the  place 
be  north :  but  if  the  latitude  be  fouth,  thofe  ftars 
which  lie  under  the  upper  part  of  the  meridian,  be- 
tv/een  the  north  point  of  the  horizon  and  the  fouth 
pole,  are  at  their  greatell  altitude. 

PROBLEM  IV. 

The  latiHide  of  the  place^  and  day  of  the  months  being 
given  ;  to  find  the  time  whe7t  any  known  ftar  will 
rifie^  or  he  upon  the  meridian^  or  fet, 

Elaving  redified  the  globe,  turn  it  about  until 
the  given  ftar  comes  to  the  eallern  fide  of  the  ho¬ 
rizon,  and  the  index  will  lliew  the  time  of  the 

ftar’s 
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liar’s  rlfing  •,  then  turn  the  globe  weflward,  and 
when  the  ftar  comes  to  the  brafen  meridian,  the 
index  will  fhew  the  time  of  the  liar’s  coming  to 
the  meridian  of  your  place ;  lallly,  turn  on,  until 
the  liar  comes  to  the  weftern  fide  of  the  horizon, 
and  the  index  will  fliew  the  time  of  the  Har’s  fet- 
ting. 

N.  B.  In  northern  latitudes,  thofe  liars  which 
are  lefs  diftant  from  the  north  pole,  than  the  quan¬ 
tity  of  its  elevation  above  the  north  point  of  the 
horizon,  never  fet ;  and  thofe  which  are  lefs  dillanc 
from  the  fouth  pole,  than  the  number  of  degrees 
that  it  is  deprelfed  below  the  horizon,  never  rife : 
and  vice  verfd  in  fouthern  latitudes. 


3^9 


PROBLEM  V. 

^ 0  find  at  what  time  of  the  year  a  given  jiar  will  he 
upon  the  meridian^  at  a  given  hour  of  the  night. 

Bring  the  given  liar  to  the  upper  femicircle  of 
the  brafs  meridian,  and  fet  the  index  to  the  given 
hour  ^  then  turn  the  globe,  until  the  index  points 
to  XII  at  noon,  and  the  upper  femicircle  of  the 
meridian  will  then  cut  the  fun’s  place,  anfwering 
to  the  day  of  the  year  fought ;  which  day  may  be 
eafily  found  again  (I  the  like  place  of  the  fun,  among 
tlie  figns  on  the  WGK)den  horizon. 


\ 


PROBLEM 
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PROBLEM  VI. 

^he  latitude^  day  of  the  months  and  ^  azimuth  of 
any  known  far  being  given ;  to  find  the  hour  of  the 
night, 

'  Having  re6lified  the  globe  for  the  latitude,  ze- 
nith,  and  fun’s  place  v  lay  the  quadrant  of  altitude 
ta  the  given  degree  of  azimuth,  in  the  horizon ; 
then,  turn  the  globe  on  its  axis,  until  the  ftar 
comes  to  the  graduated  edge  of  the  quadrant  j 
and  when  it  does  fo,  the  index  will  point  out  the 
hour  of  the  night. 

PROBLEM  VII. 

^he  latitude  of  the  place^  the  day  of  the  months  and 
altitude  “f  of  any  known  ftar^  being  given  j  to  find 
the  hour  of  the  night, 

I 

Redlify  the  globe  as  ih  the  former  problem, 
guefs  at  the  hour  of  the  night,  and  turn  the  globe 
until  the  index  points  at  the  fuppofed  hour  j  then 
Jay  the  graduated  edge  of  the  quadrant  of  altitude 
over  the  known  ftar,  and  if  the  degree  of  the  ftar’s 

*  The  number  of  degrees  that  the  fun,  moon,  or  any 
jflar,  is  from  the  meridian,  either  to  the  eaft  or  weft,  is  called 
its  axbnuth. 

-t-  The  number  of  degrees  that  the  ftar  is  above  the  ho¬ 
rizon,  as  obferved  by  means  of  a  common  quadrant,  is  called 
its  altitude. 

‘  height 
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height  in  the  quadrant  upon  the  globe,  anfwers 
cxadlly  to  the  degree  of  the  liar’s  obferved  alti¬ 
tude  in  the  heaven,  you  have  guefied  exadily  : 
but  if  the  liar  on  the  globe  is  higher  or  lower  than 
it  was  obferved  to  be  in  the  heaven,  turn  the  globe 
backwards  or  forwards,  keeping  the  edge  of  the 
quadrant  upon  the  liar,  until  its  center  comes  to 
the  obferved  altitude  in  the  quadrant  *,  and  then,  the 
i  index  will  Ihew  the  true  time  of  the  night.  , 

V 

t 

PROBLEM  VIII. 

An  eafy  method  for  finding  the  hour  of  the  night  by 
any  two  known  ftars^  without  knowing  either  their 
j  altitude  or  azimuth  ;  and  then^  of  finding  both  their 
^  altitude  and  azimuth^  and  thereby  the  true  meri'- 
dian. 

Tie  one  end  of  a  thread  to  a  common  mulket 
bullet  ;  and,  having  redlified  the  globe  as  above, 
hold  the  other  end  of  the  thread  in  your  hand, 
and  carry  it  llowly  round  betwixt  your  eye  and  the 
Harry  heaven,  until  you  find  it  cuts  any  two  known 
^  liars  at  once.  Then,  gueffing  at  the  hour  of  the 
night,  turn  the  globe  until  the  index  points  to  that 
time  in  the  hour  circle  *,  which  done,  lay  the  gra¬ 
duated  edge  of  the  quadrant  over  any  one  of  thefe 
two  liars  on  the  globe,  which  the  thread  cut  in  the 
heaven.  If  the  faid  edge  of  the  quadrant  cuts 
the  other  liar  alfo,  you  have  guelTed  the  time  ex- 
adlly ;  but  if  it  does  not,  turn  the  globe  llowiy 
backwards  or  forwards,  until  the  quadrant  (kept 

Y  upon 
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upon  either  ftar)  cuts  them  both  through  their  ceif*  ■ 
ters :  and  then,  the  index  will  point  out  the  exafh ' 
time  of  the  night  j  the  degree  of  the  horizon,  cut  i 
by  the  quadrant,  will  be  the  true  azimuth  of  both  I 
thefe  tors  from  the  fouth  ,  and  the  ftars  them-  i 
felves  will  cut  their  true  altitudes  in  the  quadrant,  | 
At  which  moment,  if  a  common  azimuth  compafs  i 
be  fo  fct  upon  a  floor  or  level  pavement,  that  thefe  | 
flars  in  the  heaven  may  have  the  fame  bearing  | 
upon  it  (allowing  for  the  variation  of  the  needle)  I 
as  the  quadrant  of  altitude  has  in  the  wooden  ho-  ] 
rizon  of  the  globe,  a  thread  extended  over  the  * 
north  and  fouth  points  of  that  compafs  will  be  i 
*  directly  in  the  plane  of  the  meridian  :  and  if  a  : 
line  be  drawn  upon  the  floor  or  pavement,  along  j 
the  courfe  of  the  thread,  and  an  upright  wire  be  1 
placed  in  the  fouthmoft  end  of  the  line,  the  fha-  1 
dow  of  the  wire  will  fall  upon  that  line,  when  the 
fun  is  on  the  meridian,  and  fhines  upon  the  pave-  t 

ment,  ; 

! 

P  R  O  B  L  E  M  IX. 

i 

'To  find  the  -place  ofi  the  moon^  or  of  any  planet  %  and  | 
thereby  to  fihew  the  time  ofi  its  rifiing^  fiouthing^  and  ii 
fietting.  ; 

Seek  in  Tarker^%  or  Weaver^^  Ephemeris  the  i 
‘^  geocentric  place  of  the  moon  or  planet  in  the  eclip-  i 
tic,  for  the  given  day  of  the  month ;  and,  ac-  • 

^  The  place  of  the  moom  or  planet,  as  feen  fram  the  j 
earth. 

cording  i 
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j  Cording  to  its  longitude  and  latitude,  as  fliewn  by 
!  the  Ephemeris,  mark  the  fame  with  a  chalk  upon 
I  the  globe.  Then,  having  redlided  the  globe,  turn 
i  it  round  its  axis  weft  ward  ;  and,  as  the  faid  mark 
;  comes  to  the  eaftern  fide  of  the  horizon,  to  the 
j  brafen  meridian,  and  to  the  weftern  fide  of  the  ho-- 
j  rizon,  the  index  Vv^ill  Ihew  at  what  time  the  planet 
I  rifes,  comes  to  the  meridian,  and  fets,  in  the  fame 
j  manner  as  for  a  fixed  ftar. 

P  R  O  B  L  E  M  X. 

j  Ho  explain  the  phenomena  of  the  harveft-mocn., 

\ 

\ 

In  order  to  do  this,  we  muft  premife  the  fol- 
I  lowing  things.  i.  That  as  the  lun  goes  only  once 
I  a  year  round  the  ecliptic,  he  can  be  but  once  a 
'  year  in  any  particular  point  of  it :  and  that  his 
motion  is  almoft  a  degree  every  24  hours,  at  a 
.mean  rate.  2.  That  as  the  moon  goes  round  the 
;  ecliptic  once  in  27  days  and  8  hours,  ftie  advances 
degrees  in  it,  every  dayj  at  a  mean  rate, 
i  3.  That  as  the  ftm  goes  through  part  of  the 
f  ecliptic  in  the  time  the  moon  goes  round  it,  the 
moon  cannot  at  any  time,  be  either  in  conjunddon 
^  with  the  fun,  or  oppofite  to  him,  in  that  part  of 
I  the  ecliptic  where  fhe  was  fo  the  laft  time  before  ; 
i  but  muft  travel  as  much  forwarder,  as  the  fun  has 
advanced  in  the  fa^id  time ;  which  being  29^-  days, 
makes  almoft  a  whole  fign.  Therefore,  4,  The 
^  moon  can  be  but  once  a  year  oppofite  to  the  fun, 

:  in  any  particular  part  of  the  ecliptic,  5.  That  the 

y  2  moon 


i 
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moon  is  never  full  but  when  llie  is  oppofite  to  the 
fun,  becaufe  at  no  other  time  can  we  fee  all  that  :: 
half  of  her  which  the  fun  enlightens.  6.  That 
when  any  point  of  the  ecliptic  rifes,  the  oppofite  : 
point  fets.  Therefore,  when  the  moon  is  oppofite  i 
to  the  fun,  fhe  mufl  rife  at  *  fun-fet.  7.  That  n 
the  different  figns  of  the  ecliptic,  rife  at  very  dif-  i 
ferent  angles  or  degrees  of  obliquity  with  the  ho- 
rizon,  efpecially  in  confiderable  latitudes  •,  and  that  M 
the  frnaller  this  angle  is,  the  greater  is  th^  portion  | 
of  the  ecliptic  that  rifes  in  any  fmall  part  of  time  ;  | 
and  viceverfd,  8.  That,  in  northern  latitudes,  no  I 
part  of  the  ecliptic  rifes  at  fb  fmall  an  angle  with  I 
the  horizon,  as  pifces  and  aries  do  ;  and  therefore, 
a  greater  portion  of  the  ecliptic  rifes  in  one  hour, 
about  thele  hgns,  than  about  any  of  the  reft.  ! 
9.  That  the  moon  can  never  be  full  in  pifces  and  ’  ■ 
mies  but  in  our  autumnal  months,  for  at  no  other  i 
time  of  the  year  is  the  fun  in  the  oppofite  figns  i. 
virgG  and  libra,  j 

Thefe  things  premifed,  take  13-^  degrees  of  the  | 
ecliptic  in  your  compaifes,,  and,  beginning  at  pifces^  | 
carry  that  extent  all  round  the  ecliptic,  marking  i 
the  places  with  a  chalk,  where  the  points  of  the  ;|i 
compaffes  fuccefiively  fall.  So  you  will  have  the  | 
moon’s  daily  motion  marked  out  for  one  compleat  ?); 
revolution  in  the  ecliptic  (according  to  §  2  of  the  f 
laft  paragraph.) 

*  This  is  not  always  ftridly  true,  becaufe  the  moon  does  i 
not  keep  in  the  ecliptic,  but  cro/Tes  it  twice  every  month,  j' 
However,  the  difference  need  not  be  regarded  in  a  general  f 
explanation.  t 

Redify  | 
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Rectify  the  globe  for  any  confiderable  northern 

!  latitude,  (as  fuppofe  that  of  London)  and  then, 

'  turning  it  round  its  axis,  obferve  how  much  of 

the  hour-circle  the  index  has  ^one  over,  at  the 
I  •  . 

:  rifing  of  each  particular  mark  on  the  ecliptic ;  and 

;  you  will  find  that  feven  of  the  marks  (which^  take 
■  in  as  much  of  the  ecliptic  as  the  moon  moves 
tlirough  in  a  week)  will  all  rife  fuccefiively  about 
i  pifces  and  aries^  in  the  time  that  the  index  goes 
i  over  two  hours.  Therefore,  whilfi:  the  moon  is 
in  pifces  and  aries^  fiie  will  not  differ  in  general 
above  two  hours  in  her  rifing  for  a  whole  week. 
But  if  you  take  notice  of  the  marks  on  the  op- 
pofite  figns,  virgo  and  lihra^  you  will  find  that  fe¬ 
ven  of  them  take  nine  hours  to  rife  •,  which  fhews^ 
tiiat  when  the  moon  is  in  thefe  two  figns.,  fiie  dif¬ 
fers  nine  hours  in  her  rifing  within  the  compafs  of 
a  week.  And  fo  much  later  as  every  mark  is  of 
rifing  than  the  one  that  rofe  next  before  it,  fo  much 
later  will  the  moon  be  of  rifing  any  day,  than  fiie 
was  on  the  day  before,  in  the  correfponding  part 
of  the  heaven.  The  marks  about  cancer  and  ca^ 
pricorn^  rife  with  a  mean  difference  of  time  be¬ 
tween  thofe  about  aries  and  libra. 

Now,  although  the  moon  is  in  pifces  and  aries 
every  month,  and  therefore  mufi:  rife  in  thofe  figns 
within  the  fpace  of  two  hours  later  for  a  whole 
week,  or  only  about  17  minutes  later  every  day 
than  fhe  did  on  the  former  ^  yet  fiie  is  never  full 
in  thefe  figns,  but  in  our  autumnal  months  Atiguft 
and  September^  when  the  fun  is  in  virgo  and  libra. 
Therefore,  no  full  moon  in  the  vear  vvill  continue 

y  3  '  '  to 
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to  rife  fo  near  the  time  of  fun-fet  for  a  week  or 
fo,  as  thefe  two  full  moons  do,  which  fall  in  the 
time  of  harveft. 

In  the  winter  months,  the  moon  is  m  pifces  and 
about  her  firft  quarter;  and  as  thefe  figns 
rife  about  noon  in  whnter,  the  moon’s  rifing  in 
them  paifes  iinobfcrved.  In  the  fpring  months,  the 
moon  changes  in  thefe  figns,  and  confequentiy  rifes 
at  the  fame  time  with  the  fun  ;  fo  that  it  is  im- 
poffible  to  fee  her  at  that  time.  In  the  fummer 
months  fhe  falls  in  thefe  iigns  about  her  third  quar¬ 
ter,  and  rifes  not  until  midnight,  when  her  riling 
is  but  very  little  taken  notice  of;  efpecially  as  fhe 
is  cn  the  decreafe.  But  in  the  harvefl;  months  ike 
is  at  the  full,  when  in  thefe.  figns,  and  being  op-^ 
pofice  to,  the  fun,  fhe  rifes  when  the  fiin  fets,  (or 
icon  after)  and  fhines  all  the  night. 

In  fouthern  latitudes,  virgo  and  libra  rife  at  as 
fmall  angles  with  the  horizon,  as  pifces  and  aries 
do  in  the  northern  ;  and  as  our  fpring  is  at  the 
time  of  their  harvefl,  it  is  plain  their  harvefl  full 
moons  mufl:  fall  in  virgo  and  libra  ;  and  will  there¬ 
fore  rife  with  as  little  difference  of  time,  as  ours 
do  in  pifces  and  aries.  ^ 

For  a  fuller  account  of  this  matter,  I  mufb  re¬ 
fer  the  reader  to  my  Aftronomy,  in  which  it  is  de- 
fcribed  at  large. 
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Tip  sxplain  the  equatmt  of  tme^  or  difference  of  time 
between  well  regulated  clocks  atid  true  fun-dials^ 

The  earth’s  motion  on  its  axis  being  perfedll^" 


equable,  and  thereby  caufing  an  apparent  equable 
motion  of  the  fcarry  heaven,  round  the  fame  axis 


ji  produced  to  the  poles  of  the  heaven  •,  it  is  plain 

I  that  equal  portions  of  the  celeftia!  equator  pafs 

I  over  the  meridian  in  equal  parts  of  time,  becaufe 

I  the  axis  of  the  world  is  perpendicular  to  the  plane 

I  of  the  equator.  And  therefore,  if  the  fun  kept 

j.  his  annual  courfe  in  the  celeftia!  equator,  he  would 

l\  always  revolve  from  the  meridian  to  the  meridian 

Y  again  in  24  hours  exactly,  as  ftiewn  by  a  well  re- 

;  2:ulated  clock. 

|1  ^ 

I  But  as  the  fun  moves  m  the  ecliptic,  which  is 
,  oblique  both  to  the  plane  of  the  equator  and  axis 
;  of  the  world,  he  cannot  always  revolve  from  the 
meridian  to  the  meridian  again  in  24  equal  hours ; 
l|,  but  fometimes  a  little  fooner,  and  at  other  times 
I  a  little  later,  becaufe  equal  portions  of  the  ecliptic 
^  pafs  over  the  meridian  in  unequal  parts  of  time, 
on  account  of  its  obliquity.  And  this  difference 
is  the  fame  in  all  latitudes. 

To  fhew  this  by  a  globe,  make  chalk- marks  all 
around  the  equator  and  ecliptic,  at  equal  diftances 
from  one  another  (fuppofe  10  degrees)  begin¬ 
ning  at  aries  or  at  likra^  where  thele  two  circles 
ifiterfed:  each  other.  Then  turn  the  globe  round 
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its  axis,  and  you  will  fee  that  all  the  marks  in  the 
hrft  quadrant  of  the  ecliptic,  or  from  the  begin-  •' 
ning  of  aries  to  the  beginning  of  cancer^  come  | 
fooner  to  the  brafen  meridian  than  their  correfpond- 
ing  marks  do  on  the  equator  :  thofe  in  the  fecond  i 
quadrant,  or  from  the  beginning  of  cancer  to  the  : 
beginning  of  lihra^  come  later:  thofe  in  the  third  ; 
quadrant,  from  libra  to  capricorn^  fooner  ^  and  thofe 
in  the  fouth,  from  capricorn  to  aries^  later.  But 
thofe  at  the  beginning  of  each  quadrant  come  to 
the  meridian  at  the  fame  time  with  their  corre- 
fponding  marks  on  the  equator. 

Therefore,  whilff  the  fun  is  in  the  firfl:  and  third 
quadrants  of  the  ecliptic,  he  comes  fooner  to  the 
meridian  every  day  than  he  would  do  if  he  kept  in 
the  equator  ;  and  confequently  he  is  fafter  than  a 
well  regulated  clock,  which  always  keeps  equable 
or  cquatoreal  time  :  and  whilfl;  he  is  in  the  fecond 
and  fourth  quadrants,  he  comes  later  to  the  meri¬ 
dian  every  day  than  he  would  do  if  he  kept  in  the 
equator  ;  and  is  therefore  flower  than  the  clock. 
But  at  the  beginning  of  each  quadrant,  the  fun 
and  clock  are  equal. 

And  thus,  if  the  fun  moved  equably  in  the 
ecliptic,  he  would  be  equal  with  the  clock  on  four 
days  of  the  year,  which  would  have  equal  intervals 
of  time  between  them.  But  as  he  moves  fafter  at 
ibme  times  than  at  others,  (for  he  is  eight  days 
longer  in  the  northern  half  of  the  ecliptic  than  ia 
the  lot! them)  this  will  create  a  fecond  inequality ; 
which  combined  with  the  former,  arifing  from  the 
obliquity  of  the  ecliptic  to  the  equator,  makes  up 

that 
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chat  difference,  which  is  (Iiewn  by  the  common 
equation  tables  to  be  between  good  clocks  and 
true  fun-dials. 

^he  dejcripion  and  ufe  of  the  armillary  fphere. 

Whoever  has  feen  a  common  armillary  Plate  XX. 

and  underftands  how  to  ufe  it,  muff  be  fenfible  thac^^^’ 
the  machine  here  referred  to,  is  of  a  very  different, 
and  much  more  advantageous  conftrudlion.  And 
whoever  has  feen  the  curious  glafs  fphere  invented 
by  Dr.  LONG,  or  the  figure  of  it  in  his  Aftro- 
nomy,  muff  know  that  the  furniture  of  the  ter- 
reftrial  globe  in  this  machine,  the  form  of  the  pe- 
deftal,  and  the  manner  of  turning  either  the  earthly 
j  globe,  or  the  circles  which  furround  it,  are  all  co- 
’  pied  from  the  Dodtor’s  glafs  fphere  ;  and  that  the 
only  difference  is,  a  parcel  of  rings  inflead  of  a* 

I  glafs  celeftial  globe  *,  and  all  the  additions  are  a 
moon  within  the  fphere,  and  a  femicircle  upon  the 
pedeflal. 

The  exterior  parts  of  this  machine  are  a  com-  The  armiu 
I  pages  of  brafs  rings,  which  reprefent  the  principaL^^->^^^^^* 
circles  of  the  heaven:  viz.  i.  The  equinodtial 
^  yfyf,  which  is  divided  into  360  degrees  (beginning 
at  its  interfedlion  with  the  ecliptic  in  aries)  for 

X  ' 

flaewing  the  fun’s  right  afcenfion  in  degrees,  j  and 
alfo  into  24  hours,  for  fhewing  his  right  afcenfion 
in  time.  2.  The  ecliotic  BB.,  which  is  divided 
into  12  figns,  and  each  fign  into  30  degrees,  and 
alfo  into  the  months  and  days  of  the  year  *,  in  fuch 
a  manner,  that  the  degree  or  point  of  the  ecliptic 

in 
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in  which  the  fun  is,  on  any  given  day,  (lands 
over  that  day  in  the  circle  of  months.  3.  The 
tropic  of  cancer  CCy  touching  the  ecliptic  at  the 
beginning  of  cancer  in  and  the  tropic  of  capri¬ 
corn  DZ),  touching  the  ecliptic  at  the  beginning 
of  capricorn  in/;  each  23/  degrees  from  the  equi- 
nodial  circle.  4.  The  ardic  circle  and  the 
antardic  circle  F,  each  23/  degrees  from  its  re- 
fpedive  pole  at  iV  and  S.  5.  The  equinodial  co¬ 
lure  G'G,  pairing  through  the  north  and  fouth 
poles  of  the  heaven  at  N  and  and  through  the 
■equinodial  points  in  the  ecliptic  aries  and  libra. 
6.  The  folftitial  colure  H paffing  through  the 
poles  of  the  heaven,  and  through  the  folftitiai 
points  cancer  and  capricorn^  in  the  ecliptic :  each 
quarter  of  the  former  of  tbefe  colures  is  divided 
into  90  degrees,  from  the  equinodial  to  the  poles 
of  the  v/orld,  for  (hewing  the  declination  of  the 
fun,  moon,  and  (lars  ;  and  each  quarter  of  the 
latter,  from  the  ecliptic  at  e  and  /,  to  its  poles  h 
and  d\j  for  fhewirig  the  latitudes  of  the  (lars. 

In  the  north  pole  of  the  ecliptic  is  a  nut  Z,  to 
whicii  is  fixed  one  end  of  a  quadrantal  wire, 
and  to  the  other  end  a  fmall  fun  F,  which  is  car¬ 
ried  round  the  ecliptic  by  turning  the  nut: 

and  in  the  fouth  pole  of  the  ecliptic  is  a  pin  on 
which  is  another  quadrantal  wire,  wdth  a  final!  moon 
F  upon  it,  which  may  be  moved  round  by  hand : 
bur  there  is  a  particular  contrivance  for  caiifing  the 
moon  to  move  in  an  orbit  which  crolTes  the  ecliptic 
at  an  angle  of  3/  degrees,  in  two  oppofite  points 
ihe  moon's  nodes ;  and  alfo  for  (hifting  thefe 

points 
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points  backward  in  the  ecliptic,  as  the  moor! s  nodes 
lliift  in  the  heaven. 

Within  thefe  circular  rings  is  a  fmall  terreftrial 
globe  /,  fixt  on  an  axis  KK^  which  extends  from 
the  north  and  fouth  poles  of  the  globe  at  n  and 
to  thofe  of  the  celeftial  fphere  at  N  and  S.  On 
this  axis  is  fixe  the  flat  celeftial  meridian  LL, 
which  may  be  fee  dire6lly  over  the  meridian  of  any 
place  on  the  globe,  and  then  turned  round  with 
the  globe,  fo  as  to  keep  over  the  fame  meridian 
upon  it.  This  flat  meridian  is  graduated  the  fame 
way  as  the  brafs  meridian  of  a  common  globe, 
and  its  ufe  is  much  the  fame.  To  this  globe  is 
fitted  the  moveable  horizon  Mikf,  fo  as  to  turn 
upon  two  ftrong  wires  proceeding  from  its  eaft  and 
weft  points  to  the  globe,  and  entering  the  globe 
at  oppofite  points  of  its  equator,  which  is  a  move- 
able  brafs  ring  let  into  the  globe  in  a  groove 
all  around  its  equator.  The  globe  may  be  turned 
by  hand  within  this  ring,  fo  as  to  place  any  given 
meridian  upon  it,  direblly  under  the  celeftial  me¬ 
ridian  LL,  The  horizon  is  divided  into  360 
degrees  all  around  its  outermoft  edge,  within  which 
are  the  points  of  the  compafs,  for  fhewing  the 
amplitude  of  the  fun  and  moon,  both  in  degrees 
and  points.  The  celeftial  meridian  LL  paftes 
through  two  notches  in  the  north  and  fouth  points 
of  the  horizon,  as  in  a  common  globe  :  but  here, 
if  the  globe  be  turned  round,  the  horizon  and 
meridian  turn  v/ith  it.  At  the  fouth  pole  of  the 
fphere  is  a  circle  of  24  hours,  flxt  to  the  rings, 
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and  on  the  axis  is  an  index  which  goes  round  that 
circle,  if  the  globe  be  turned  round  its  axis. 

The  whole  fabric  is  fupported  on  a  pedeftal  iV, 
and  may  be  elevated  or  depreifed,  upon  the  joint  O, 
to  any  number  of  degrees  from  o  to  90,  by  means 
of  the  arc  w^hich  is  fixed  into  the  ftrong  brafs 
arm  and  Hides  in  the  upright  piece  in 
which  is  the  fcrew  r,  to'  fix  it  at  any  proper  ele¬ 
vation. 

In  the  box  P  are  two  wTeels,  and  two  pinions 
whofe  axes  come  out  at  V  and  U ;  either  of  which  i 
may  be  turned  by  the  fmail  winch  W,  When  the  ! 
winch  is  put  upon  the  axis  T,  and  turned  back-  | 
ward,  the  terreflrial  globe,  with  its  horizon  and 
celeftial  meridian,  keep  at  reft ;  and  the  whole 
iphere  of  circles  turns  round  from  eaft,  by  fouth, 
to  v/cft,  carrying  the  fun  T,  and  moon  Z,  round 
the  fame  way,  and  caufing  tnem  to  rile  above  and 
fet  below  the  horizon.  But  when  the  winch  is  put  | 
upon  the  axis  t/,  and  turned  forward,  the  Iphere 
with  the  fijn  and  moon  keep  at  reft  ;  and  the  earth 
with  its  horizon  and  meridian  turn  round  from 
weft,  by  fouth,  to  call ;  and  bring  the  fame  points 
'of  the  horizon  to  the  fun  and  moon,  to  which  thefe 
bodies  came  when  the  earth  kept  at  reft,  and 
they  were  carried  round  it ;  (hewing  that  they  rife 
and  fet  in  the  fame  points  of  the  horizon,  and  at 
the  fame  times  in  the  hour  circle,  whether  the  mo¬ 
tion  be  in  the  earth  or  in  the  heaven.  If  the  earth  I 
be  turned,  the  hour  index  goes  round  its  circle  ;  | 

but  if  the  Iphere  be  turned,  the  hour  circle  goes  | 
round  below  the  index.  I 

And 
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And  fo,  by  this  conltrudion,  the  machine  is 
equally  fitted  to  (hew  either  the  real  motion  of  the 
earth,  or  the  apparent  motion  of  the  heaven. 

-  To  redlify  the  fphere  for  ufe,  firft  (lacken  the 
fcrew  r  in  the  upright  (lem  i?,  and  taking  hold'of 
the  arm  move  it  up  or  down  until  the  given 
degree  of  latitude  for  any  place  be  cut  by  the 
item  R ;  and  then  the  axis  of  the  fphere  will  be 
properly  elevated,  fo  as  to  (land  parallel  to  the  axis 
of  the  world,  if  the  machine  be  fet  north  and  fouth 
by  a  fmall  compafs  :  this  done,  count  the  latitude 
from  the  north  pole,  upon  the  celeftial  meridian 
LL,  down  towards  the  north  notch  of  the  horizon, 
and  fet  the  horizon  to  that  latitude  ;  then,  turn 
the  nut  h  until  the  fun  T  comes  to  the  given  day 
of  the  year  in  the  ecliptic,  and  the  fun  will  be  at 
its  proper  place  for  that  day  :  find  the  place  of  the 
moon’s  afeending  node,  and  alfo  the  place  of  the 
moon,  by  an  Ephemeris,  and  fet  them  right  ac¬ 
cordingly  :  laftly,  turn  the  winch  until  either 
the  fun  comes  to  the  meridian  Z.L,  or  until  the 
meridian  comes  to  the  fun,  (according  as  you 
want  the  fphere  or  earth  to  move)  and  fej:  the  hour 
index  -to  the  XH,  marked  noon,  and  the  whole 
machine  will  be  redlified. — ^Then  turn  the  winch^ 
and  obferve  when  the  fun  or  moon  rife  and  fet  in 
the  horizon,  and  the  hour  index  will  (hew  the 
times  thereof  for  the  given  day. 

As  thofe  who  underftand  the  ufe  of  the  globes 
will  be  at  no  lofs  to  work  many  other  problems  by 
this  fphere,  it  feems  needlefs  to  enlarge  any  farther 
upon  it. 
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L  E  C  T.  IX. 

^he  principles  of  dialing i 

A  Dial  IS  a  plane,  upon  which  lines  are  defcribed 
in  fuch  a  manner,  that  the  lhadow  of  a  wire, 
or  of  the  upper  edge  of  another  , plane,  erected  per¬ 
pendicularly  on  the  former,  may  ftiew  the  true 
time  of  the  day. 

The  edge  of  the  plane  by  which  the  time  of  the 
day  is  found,  is  called  the  fble  of  the  dial,  which 
is  always  parallel  to  the  earth’s  axis  •,  and  the  line 
On  which  the  faid  plane  is  eredled,  is  called  the 
fubftile. 

The  angle  included  between  the  fubftile  and  ' 
ftile,  is  called  the  elevation,  or  height  of  the  ftile. 

Thofe  dials  whofe  planes  are  parallel  to  the 
plane  of  the  horizon,  are  called  horizontal  dials ; 
and  thofe  dials  whofe  planes  are  perpendicular  to 
the  plane  of  the  horizon,  are  called  vertical,  or 
eredl  dials. 

Thofe  eredl  dials,  whofe  planes  dircdlly  front 
the  north  or  fouth,  are  called  diredl  north  or  fouth 
dials  ;  and  all  other  eredt  dials  are  called  decliners, 
becaufe  their  planes  are  turned  away  from  the  north 
or  fouth. 

Thofe  dials  whofe  planes  are  neither  parallel  nor 
perpendicular  to  the  plane  of  the  horizon,  are 
called  inclining,  or  reclining  dials,  according  as 
their  planes  make  acute  or  obtufe  angles  with  the 
horizon  j  and  if  their  planes  are  alfo  turned  afide 
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from  facing  the  fouth  or  north,  they  are  called 
declining* inclining,  or  declining-recliriing  dials. 

The  interfedlion  of  the  plane  of  the  dial,  with 
that  of  the  meridian,'  palTing  through  the  ifile,  is 
called  the  meridian  of  the  dial,  or  tlie  hour-line 
of  XIL 

Thofe  meridians,  whofe  planes  pafs  through  the 
flile,  and  make  angles  of  15,  30,  45,  60,  75,  and 
90  degrees  with  the  meridian  of  the  place,  (which 
marks  the  hour-line  of  XIi)  are  called  hour-cir¬ 
cles  :  and  their  interfeclioos  with  the  plane  of  the 
dial,  are  called  hour-lines. 

In  all  declining  dials,  the  fubftile  makes  an  an¬ 
gle  with  the  hour-line  of  XU  ;  and  this  angle  is 
called  the  diilance  of  the  fubftile  from  the  meri¬ 


dian. 

The  declining  plane’s  difference  of  longitude, 
is  the  angle  formed  at  the  interfe<Sl:ion  of  the  ftile 
and  plane  of  the  dial,  by  two  meridians  ;  one  of 
which  paffes  through  the  hour-line  of  XII,  and 
ihe  other  through  the  fubftile. 

This  much  being  premifed  concerning  dials  in  general^ 
we  Jhall  now  proceed  to  er,plain  the  different  methods 
of  their  confirudflon. 

If  the  whole  earth  aFcp  wer€  tranfparent,  and  Plat©  xx, 
hollow,  like  a  fphere  of  glafs,  and  had  its  equa-^^^‘ 
tor  divided  into  24  equal  parts  by  fo  many  meri¬ 
dian  femicircles,  a^b^c^d^eff^g^  &c.  one  of  wdiich  The uni- 
is  the  geographical  meridian  of  any  given  place, 
as  I.ondon,  (which  is  fuppofed  to  be  at  the  point  wi^ich 
a)  and  if  the  hours  of  XII  were  marked  at 
equator,  both  upon  that  meridian  and  the  oppofite 
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one,  and  all  the  reft  of  the  hours  in  order  on  the  J 
reft  of  the  meridians,  thefe  meridians  would  be 
the  hour-circles  of  London  ;  then,  if  the  fphere  ; 
had  an  opake  axis  as  P  Ep^  terminating  in  the  | 

poles  P  and  the  ftiadow  of  the  axis  would  fall  J 
upon  every  particular  meridian  and  hour,  when  the 
fun  came  to  the  plane  of  the  oppofite  meridian,  and  I 
would  confequently  ftiew  the  time  at  London,  and  all  I 
other  places  on  the  meridian  of  London.  I 

Borizantd  If  this  fphere  was  cut  through  the  middle  by  a  | 
folid  plane  in  the  rational  horizon  of  ?| 

London,  one  half  of  the  axis  EP  will  be  above  ;j 
the  plane,  and  the  other  half  below  it  ;  and  if  | 
ftraight  lines  were  drawn  from  the  center  of  the  <: 

*  ^  .  li 

plane,  to  thofe  points  w^here  its  circumference  is  | 
cut  by  the  hour-circles  of  the  fphere,  thefe  lines  . 
would  be  the  hour- lines  of  a  horizontal  dial  for 
London  :  for  the  fhadow  of  the  axis  would  fall 
upon  each  particular  hour-line  of  the  dial,  when 
it  fell  upon  the  like  hour-circle  of  the  fphere.  *  i 
Fig.  3.  If  the  plane  which  cuts  the  fphere  be  upright, 

as  AFCGy  touching  the  given  place  (London)  at  i 
,  P,  and  diredtly  facing  the  meridian  of  London,  it 
ferttcal  will  then  become  the  plane  of  an  eredl  diredt  fouth 
dial :  and  if  right  lines  be  drawn  from  its  center 
p,  to  thofe  points  of  its  circumference  where  the 
hour-circles  of  the  fphere  cut  it,  thefe  will  be  the 
hour-lines  of  a  vertical  or  diredl  fouth  dial  for 
London,  to  which  the  hours  are  to  be  fet  as  in  the  i 

figure,  (contrary  to  thofe  on  a  horizontal  dial)  and  ! 

the  lower  half  Ep  of  the  axis  will  caft  a  fhadow 
on  the  hour  of  the  day  in  this  dial,  at  the  fame 

time 
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me  that  it  would  fall  upon  the  like  hour-circle 
the  fphejre,  if  the  dial-plane  was  not  in  the  way. 

If  the  plane  (ftill  facing  the  meridian)  be  madeM.w/^ 

)  incline,  or  recline,  any  mven  number  of  decrees ; 

•  1  r  1  r  ^  •  1  n  •  1  °  dials, 

le  hour-circles  of  the  fphere  will  ftill  cut  the  edge 
the  plane  in  thofe  points  to  which  the  hour-lines 
luft  be  drawn  ftraight  from  the  center ;  and  the 
is  of  the  fphere  will  caft  a  fhadow  on  thefe  lines 
the  refpeblive  hours.  The  like  will  ftill  hold, 
the  plane  be  made  to  decline  any  given  numhtr: Declining 
degrees  from  the  meridian,  towards  the  eaft 
eft :  provided  the  declination  be  lefs  than  90  de- 
rees,  or  the  reclination  be  lefs  than  the  co-latitude 
the  place :  and  the  axis  of  the  fphere  will  be 
gnomon,  or  ftile,  for  the  dial.  But  it  cannot, 
hen  the  declination  is  quite  90  degrees,  nor  when 
le  reclination  is  equal  to  the  co-latitude ;  becaufe 
1  thefe  two  cafes,  the  axis  has  no  elevation  above 
le  plane  of  the  dial. 

And  thus  it  appears,  that  the  plane  of  every  dial 
jprefents  the  plane  of  fome  great  circle  upon  the 
rth  ;  and  the  gnomon  the  earth’s  axis,  whether 
be  a  fmall  wire,  as  in  the  above  figures,  or  the 
dge  of  a  thin  plate,  as  in  the  common  horizontal 
ials. 

The  whole  earth,  as  to  its  bulk,  is  but  a  point 
’  compared  to  its  diftance  from  the  fun :  and 
lerefore,  if  a  fmall  fphere  of  glafs  be  placed 
pon  any  part  of  the  earth’s  furface,  fo  that  its 
is  be  parallel  to  the  axis  of  the  earth,  and  the 
Dhere  have  fuch  lines  upon  it,  and  fuch  planes 
fithin  it,  as  above  defcribed  j  it  will  ftiew  the 
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hours  of  the  day  as  truly  as  if  it  were  placed  m 
the  earth’s  center,  and  the  fhell  of  the  earth  were, 
as  tranfparent  as  glafs. 

But  becaufe  it  is  impoffible  to  have  a  hollo\^; 
fphere  of  glafs  perfectly  true,  blown  round  a  folid 
plane  ;  m  if  it  was,  we  could  not  get  at  the  plane 
within  the  glafs  to  fet  k  in  any  given  pofition  ;  we 
make  ufe  of  a  wire- fphere  to  explain  the  princi¬ 
ples  of  dialing,  by  joining  24  femicircles  together 
at  the  poles,  and  putting  a  thin  flat  plate  of  brafs 
within  it. 

A  common  globe,  of  twelve  inches  diameter,  ha^ 
generally  24  meridian  femicircles  drawn  upon  it.  If  j 
fe/trml globe  [uch  a  globe  be  elevated  to  the  latitude  of  any  given* 
place,  and  turned  about  until  any  one  of  thefe 
meridians  cuts  the  horizon  in  the  north  pointy 
where  the  hour  of  XII  is  fuppofed  to  be  marked, 
the  reft  of  the  meridians  will  cut  the  horizon  at 
,  the  refpective  diftances  of  all  the  other  hours  from| 
XIL  Then,  if  the  globe  be  taken  out  of  the  j 
horizon,  and  a  flat  board  or  plate  be  put  into  its  | 
place,  even  with  the  furface  of  the  horizon  ^  and  ^ 
if  ftraight  lines  be  drawn  from  the  center  of  the  ] 
board,  to  thofe  points  of  the  horizon  which  were  j 
cut  by  the  24  meridian  femicircles,  they  will  be^- 
the  hour-lines  of  a  horizontal  dial  for  that  latitude, 
the  edge  of  whofe  gnomon  muft  be  in  the  very 
fame  fituation  that  the  axis  of  the  globe  was,  be¬ 
fore  it  was  taken  out  of  the  horizon  :  that  is,  the 
gnomon  muft  make  an  angle  with  the  plane  of  the 
dial,  equal  to  the  latitude  of  the  place  for  which 
the  dial'  is  made. 

If 
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If  the  pole  of  the  globe  be  elevated  to  the  co- 
titude  of  the  given  place,  and  any  meridian  be 
rought  to  the  north  point  of  the  horizon,  the  reft 
the  meridians  will  cut  the  horizon  in  the  re- 
)e6tive  diftances  of  all  the  hours  from  XII,  for 
diredt  fouth  dial  ;  whofe  gnomon  muft  make  an 
igle  with  the  plane  of  the  dial,  equal  to  the  co- 
, titude  of  the  place :  and  the  hours  muft  be  fee 
le  contrary  way  on  this  dial,  to  what  they  are  on 
le  horizontal. 

But  if  your  globe  have  more  than  24  meridian 
imicircles  upon  it,  you  muft  take  the  following . 
lethod  for  making  horizontal  and  fouth  dials. 

Elevate  the  pole  to  the  latitude  of  your  place,  To  con- 
nd  turn  the  globe  until  any  particular  meridian 
uppofe  the  firft)  comes  to  the  north  point  of  the  dial. 
orizon,  and  the  oppofite  meridian  will  cut  the 
orizon  in  the  fouth.  Then,  fet  the  hour-index 
3  the  uppermoft  XII  on  its  circle  ;  which  done, 
rn  the  globe  weftward  until  15  degrees  of  the 
quator  pafs  under  the  brafen  meridian,  and  then 
le  hour-index  will  be  at  I  (for  the  fun  moves  1 5  ' 
egrees  every  hour)  and  the  firft  meridian  will  ciir 
he  horizon  in  the  number  of  degrees  from  the 
orth  point,  that  I  is  diftant  from  XII.  Turn  on, 
intil  other  15  degrees  of  the  equator  pafs  under 
he  brafen  meridian,  and  the  hour- index  will  then 
)e  at  II,  and  the  firft  meridian  will  cut  the  ho- 

*  the  latitude  be  fubtra6led  from  90  degrees,  the  re- 
nainder  is  called  the  co-latitude,  or  complement  of  the  la- 
itude. 
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rizon  in  the  number  of  degrees  that  II  is  diftant|| 
from  XII  :  and  fo,  by  making  1 5  degrees  of  thc:!j 
equator  pafs  under  the  brafen  meridian  for  every?| 
hour,  the  firft  meridian  of  the  globe  will  cut  the 
horizon  in  the  diftances  of  all  the  hours  from  XII 
to  VI,  which  is  juft  90  degrees ;  and  then  you 
need  go  no  farther,  for  the  diftances  of  XI,  X, 
IX,  VIII,  VII,  and  VI,  in  the  forenoon,  are  the 
fame  from  XII,  as  the  diftances  of  I,  II,  III,  IV,'^ 

V,  and  VI,  in  the  afternoon  :  and  thefe  hour-lines 
continued  through  the  center,  will  give  the  op- 
pofite  hour-lines  on  the  other  half  of  the  dial :  but 
no  more  of  thefe  need  be  drawn,  than  what  anfwer 
to  the  fun’s  continuance  above  the  horizon  of  your 
place  on  the  longeft  day,  which  may  be  eaftlyi 
found  by  working  the  26th  problem  of  the  fore¬ 
going  ledture. 

Thus,  to  make  a  horizontal  dial  for  the  latitude 
of  London,  which  is  degrees  north,  I  elevate 
the  north  pole  of  the  globe  degrees  above  thei 
north  point  of  the  horizon,  and  then,  turn  the  j 
globe  until  the  firft  meridian  (which  is  that  of  j 
London  on  the  Englifii  terreftrial  globe)  cuts  the 
north  point  of  the  horizon,  and  fet  the  hour-index 
to  XII  at  noon. 

Then,  turning  the  globe  weftward  until  the  in¬ 
dex  points  fuccefiively  to  I,  II,  III,  IIII,  V,  and 

VI,  in  the  afternoon  ;  or  until  15,  30,  45,  60, 
75,  and  90  degrees  of  the  equator  pafs  under  the 
brafen  meridian  •,  I  find  the  firft  meridian  of  the 
globe  cuts  the  horizon  in  the  following  numbers  of  i 
degrees  from  the.  north  towards  the  eaft,  viz,  iiy,  | 
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53t>  7*tV>  90;  which  are  the 

efpedlive  diftances  of  the  above  hours  from  XII 
ipon  the  plane  of  the  horizon. 

To  transfer  thcfe,  and  the  reft  of  the  hours,  topkteXXI. 
horizontal  plane,  draw  the  right  lines  ac  and  ** 

ipon  that  plane,  as  far  from  each  other  as  is  equal 
0  the  intended  thicknefs  of  the  gnomon  or  ftile 
^f  the  dial,  and  the  fpace  included  between  them 
i/ill  be  the  meridian  or  twelve  o’clock  line  on  the 
lial.  Crofs  this  meridian  at  right  angles  with  the 
fx  o’clock  line^i?,  and  fetting  one  foot  of  your 
ompafles  in  the  interfedfion  as  a  center,  defcribe 
he  quadrant  ge  with  any  convenient  radius  or 
pening  of  the  compaftes  :  then,  fetting  one  foot 
p  the  interfedion  as  a  center,  with  the  fame 
kdius  defcribe  the  quadrant  fh^  and  divide  each 
[uadrant  into  90  equal  parts  or  degrees,  as  in  the 


igure. 


Becaufe  the  hour-lines  are  lefs  diftant  from  each 
ther  about  noon,  than  in  any  other  part  of  the 
iial,  it  is  beft  to  have  the  centers  of  thefe  qua¬ 
drants  at  a  little  diftance  from  the  center  of  the 
ial-plane,  on  the  fide  oppofite  to  XII,  in  order 
3  enlarge  the  hour  diftances  thereabouts,  under 
le  fame  angles  on  the  plane.  Thus,  the  center 
f  the  plane  is  at  C,  but  the  centers  of  the  qua- 
rants  are  at  a  and  b. 

Laying  a  ruler  over  the  point  (and  keeping  it 
lere  for  the  center  of  all  the  afternoon  hours  in 

fie  quadrant draw  the  hour-line  of  I  through 
ly  degrees  in  the  quadrant;  the  hour-line  of  II^ 
hrough  2 4y  degrees ;  of  III,  through  387?-^^" 
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grees  ;  IIII,  through  53^,  and  V  through  7IyV* 
and  becaufe  the  fun  rifes  about  four  in  the  morn¬ 
ing,  on  the  longeft  days  at  London,  continue  the 
hour-lines  of  IIII  and  V  in  the  afternoon,  through 
the  center  h  to  the  oppofite  fide  of  the  diaf* — This 
done,  lay  the  ruler  to  the  center  a  of  the  quadrant 
eg^  and  through  the  like  divifions  or  degrees  of 
that  quadrant,  viz.  iiy,  24^,  sSyVj  53t? 

draw  the  forenoon  hour-lines  of  XI,  X,' 
IX,  Vin,  and  VII  j  and  becaufe  the  fun  fets  not 
before  eight  in  the  evening  on  the  longefl:  days, 
continue  the  hour-lines  of  VII  and  VIII  in  the  fore¬ 
noon,  through  the  center  to  VII  and  VIII  in 
the  afternoon  :  and  all  the  hour- lines  will  be  finifhed  ; 
on  this  dial ;  to  which  the  hours  may  be  fet,  as  1 
in  the  figure. 

Lafily,  through  51^  degrees  of  either  quadrant,  j 
and  from  its  center,  draw  the  right  line  ag  for  the  i 
hypothenufe  or  axis  of  the  gnomon  agi ;  and  from  | 
let  fall  the  perpendicular  gi^  upon  the  meridian  i 
line  (called  alfo  the  fubftile)  and  there  will  be  I 
a  triangle  made,  whole  fides  are.<^^,  gi^  and  ia.  \ 
If  this  triangle  be  made  a  plate  as  thick  as  the  ! 
diftance  between  the  lines  ac  and  hd^  and  fet  up-  • 
(  right  between  them,  touching  at  a  and  its  hy-  '* 
pothenufe  ag  will  be  parallel  to  the  axis  of  the  ! 
world,  when  the  dial  is  truly  fet  j  and  will  caft  a  I 
fliadow  on  the  hour  of;  the  day. 

jV.  B.  The  trouble  of  dividing  the  two  qua-  * 
drants  may  be  faved,  if  you  have  a  fcale  with  a  { 
line  of  chords  upon  it,  fuch  as  that  on  the  right  J 
hand  of  the  plate  n  for  if  you  extend  the.com-  ^ 
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alTes  from  o  to  6o  degrees  on  the  line  of  chords^ 
nd  with  that  extent  as  a  radius,  defcribe  the  two 
uadrants  upon  their  refpeclive  centers,  the  above 
iftances  may  be  taken  with  the  compaffes  upon  the 
ine,  and  fet  off  upon  the  quadrants. 

Th  make  an  ere5i  direEi  fouth  diaL  Elevate  the^ig* 

)ole  to  the  co-latitude  of  your  place,  and  proceed 
in  all  refpe^ls  as  above  taught  for  the  horizontaE^^^^/^"^^ 
[ial,  from  VI  in  the  morning  to  VI  in  the  after-' 
lOon  ;  only  the  hours  muft  be  reverfed,  as  in  the 
rigure  j  and  the  hypothenufe  ag^  of  the  gnomon 
zgf,  muft  make  an  angle  with  the  dial-plane  equal 
o  the  co-latitude  of  the  place.  As  the  fun  can 
ine  no  longer  on  this  dial,  than  from  fix  in  the 
lorning  until  fix  in  the  evening,  there  is  no  oe- 
:afion  for  having  any  more  than  twelve  hours  upon 
it. 

Th  make  an  eredf  dial^  declining  from  the  fouth  To  con- 
\owards  the  eaft  or  weft.  Elevate  the  pole  to 
atitude  of  your  place,  and  fcrew  the  quadrant 
f  altitude  to  the  zenith.  Then,  if  your  dial  de¬ 
clines  toward  the  eaft  (which  we  fhall  fuppofe  it  to 
do  at  prefent)  count  in  the  horizon  the  degrees  of 
declination,  from  the  eaft  point  towards  the  north, 
and  bring  the  lower  end  of  the  quadrant  to  that 
degree  of  declination  at  which  the  reckoning  ends. 

This  done,  bring  any  particular  meridian  of  your 
globe  (as  fuppofe  the  firft  meridian)  direbtly  under 
the  graduated  edge  of  the  upper  part  of  the  brafen 
meridian,  and  fet  the  hour-index  to  XII  at  noon. 

Then,  keeping  the  quadrant  of  altitude  at  the  de¬ 
gree  of  declination  in  the  horizon,  tyrn  the  globe 
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eaflward  on  its  axis,  and  obferve  the  degrees  cut  i 
by  the  firft  meridian  in  the  quadrant  of  altitude  j 
(counted  from  the  zenith)  as  the  hour-index  comes 
to  XI,  X,  IX,  &c.  in  the  forenoon,  or  as  15,  30,  i 
45,  &c.  degrees  of  the  equator  pafs  under  the  brafcn 
meridian  at  thefe  hours  refpedtively  j  and  the  degrees 
then  cut  in  the  quadrant  by  the  firft  meridian,  are  -  . 
the  refpedlive  diftances  of  the  forenoon  hours 
from  XII  on  the  plane  of  the  dial. — Then,  for 
the  afternoon  hours,  turn  the  quadrant  of  altitude 
round  the  zenith  until  it  comes  to  the  degree  in 
the  horizon  oppofite  to  that  where  it  was  placed 
before  *,  namely,  as  far  from  the  weft  point  of  the 
horizon  toward  the  fouth,  as  it  was  fet  at  firft  from 
the  eaft  point  tow^ard  the  north  ;  and  turn  the  globe' 
weftward  on  its  axis,  until  the  firft  meridian  comes 
to  the  brafen  meridian  again,  and  the  hour-index 
to  XII :  then,  continue  to  turn  the  globe  weftward, 
and  as  the  index  points  to  the  afternoon  hours  I, 
II,  III,  &c.  or  as  15,  30,  45,  &c.  degrees  of  the 
equator  pafs  under  the  brafen  meridian,  the  firft 
meridian  will  cut  the  quadrant  of  altitude  in  the 
refpedive  number  of  degrees  from  the  zenith,  that 
each  of  thefe  hours  is  from  XII  on  the  dial.- — -And 
note,  that  when  the  firft  meridian  goes  off  the 
cjuadrant  at  the  horizon,  in  the  forenoon,  the  hour- 
index  ftiews  the  time  when  the  fun  will  come  upon 
this  dial :  and  when  it  goes  off  the  quadrant  in 
the  afternoon,  the  index  will  point  to  the  time 
when  the  fun  goes  off  the  dial. 

Having  thus  found  all  the  hour-diftances  from 
XII,  lay  them  down  upon  your  dial -plane,  either 
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by  dividing  a  femicirde  into  two  quadrants  of  90 
degrees  each,  (beginning  at  the  hour-line  of  XII) 
or  by  the  line  of  chords,  as  above  direded. 

In  all  declining  dials,  the  line  on  which  the  flile 
I  or  gnomon  flands  (commonly  called  the fuhjiile-line) 

I  makes  an  angle  with  the  twelve  o’clock  line,  and 
:  falls  among  the  forenoon  hour-lines,  if  the  dial  de- 
dines  towards  the  eaft  ;  and  among  the  afternoon 
hour-lines,  when  the  dial  declines  towards  the  weft: 
i  that  is,  to  the  left  hand  from  the  twelve  o’clock 
J  line  in  the  former  cafe,  and  to  the  right  hand  from 
1  it  in  the  latter. 

I  To  find  the  diftance  of  the  fubftile  from  the 
I  twelve  o’clock  line  ;  if  your  dial  declines  from  the 

I  fouth  toward  the  eaft,  count  the  degrees  of  that 

!  declination  in  the  horizon  from  the  eaft  point 

toward  the  north,  and  bring  the  lower  end  of  the 
quadrant  of  altitude  to  that  degree  of  declination 
I  where  the  reckoning  ends  :  then,  turn  the  globe 

^  until  the  firft  meridian  cuts  the  horizon  in  the  like 

number  of  degrees,  counted  from  the  fouth  point 
toward  the  eaft ;  and  the  quadrant  and  firft  meri¬ 
dian  will  then  crofs  one  another  at  right  angles, 
and  the  number  of  degrees  of  the  quadrant,  which 
are  intercepted  between  the  firft  meridian  and  the 
zenith,  is  equal  to  the  diftance  of  the  fubftile- 
line  from  the  twelve  o’clock  line  ;  and  the  number 
of  degrees  of  the  firft  meridian,  which  are  inter¬ 
cepted  between  the  quadrant  and  the  north  pole, 
I  is  equal  to  the  elevation  of  the  ftile  above  the 
I  plane  of  the  dial. 


If  the  dial  declines  weflward  from  the  fouth,^ 
count  that  declination  from  the  eafl  point  of  the 
horizon  towards  the  fouth,  and  bring  the  quadrant 
of  altitude  to  the  degree  in  the  horizon  at  which 
the  reckoning  ends  ;  both  for  finding  the  forenoon 
hours,  and  diftance  of  the  fubflile  from  the  meri¬ 
dian  :  and  for  the  afternoon , hours,  bring  the  qua¬ 
drant  to  the  oppofite  degree  in  the  horizon,  namely, 
,as  far  from  the  weft  towards  the  north,  and  then 
proceed  in  all  refpedfs  as  above. 

Thus,  we  have  finifhed  our  declining  dial ;  and 
in  fo  doing,  we  made  four  dials,  viz. 

I.  A  north  dial,  declining  eaftward  the  fame 
number  of  degrees.  2.  A  north  dial,  declining  - 
w^ft  the  fame  number.  3.  A  fouth  dial,  declin¬ 
ing  eaft.  And,  4,  a  fouth  dial  declining  weft. 

Only,  placing  the  proper  number  of  hours,  and 
the  ftiie  or  gnomon  refpedlively,  upon  each  plane. 
For  (as  above-mentioned)  in  the  fouth- weft  plane, 
the  fubftilar-line  falls  among  the  afternoon  hours  \ 
and  in  the  fouth-eaft,  of  the  fame  declination, 
among  the  forenoon  hours,  at  equal  diftances  from 
XII.  And  fo,  all  the  morning  hours  on  the  weft 
decliner  will  be  like  the  afternoon  hours  on  the 
eaft  decliner :  the  fouth-eaft  decliner  will  pro¬ 
duce  the  north- v/eft  decliner;  and  the  fouth- weft 
decliner,  the  north-eaft  decliner,  by  only  extend¬ 
ing  the  hour-lines,  ftiie  and  fubftile,  quite  through 
the  center :  the  axis  of  the  ftiie,  (or  edge  that 
cafts  the  fhadow  on  the  hour  of  the  day)  being  in 
all  dials  whatever  parallel  to  the  axis  of  the^ 
world,  and  confequently  pointing  towards  the  north 
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pole  of  the  heaven  in  north  latitudes,  and  towards 
the  fouth  pole,  in  fouth  latitudes.  See  more  of  this 
in  the  following  lehlure. 

But  becaufe  every  one  who  would  like  to  makcAneafy 
a  dial,  may  perhaps  not  be  provided  with  a  glohe 
to  alTifl:  him,  and  may  probably  not  underftandingofj'^^i-, 
the  method  of  doing  it  by  logarithmic  calcula¬ 
tion  ;  we  fhall  fliew  how  to  perform  it  by  the  plain 
dialing  lines,  or  fcale  of  latitudes  and  hours ;  fuch 
as  thole  on  the  right  hand  of  Fig.  4.  in  Plate  XXI, 
or  at  the  top  of  Plate  XXII,  and  which  may  be 
had  on  fcales  commonly  fold  by  the  mathematical 


inflrument  makers. 

This  is  the  eafiefl  of  all  mechanical  methods, 
and  by  much  the  bell,  when  the  lines  are  truly 
divided  :  and  not  only  the  half  hours  and  quarters 
may  be  laid  down  by  all  of  them,  but  every  fifth 
minute  by  moil,  and  every  fingle  minute  by  thofe 
where  the  line  of  hours  is  a  foot  in  length. 

Having  drawn  your  double  meridian  Ymo:  ah^Tig. 
cdy  on  the  plane  intended  for  a  horizontal  dial, 
and  crolTed  it  at  right  angles  by  the  fix  oTlock 
line  fe^  (as  in  Fig.  i.)  take  the  latitude  of  your 
place  with  the  compafles,  in  the  fcale  of  latitudes, 
and  fet  that  extent  from  c  to  and  from  a  to/, 
on  the  fix  o’clock  line  :  then,  taking  the  whole  fix 
hours  between  the  points  of  the  compaflfes  in  the 
fcale  of  hours,  with  that  extent  fet  one  foot  in  the 
point  r,  and  let  the  other  foot  fall  where  it  will 
upon  the  meridian  line  cd^  as  at  d.  Do  the  fame 
from/  to  and  draw  the  right  lines  ed  and  fh^ 
each  of  which .  will  be  equal  in  length  to  the 

whole 
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whole  fcale  of  hours.  This  done,  fettlng  one 
foot  of  the  compalTes  in  the  beginning  of  the 
fcale  at  XII,  and  extending  the  other  to  each  hour 
on  the  fcale,  lay  off  thefe  extents  from  d  to  e  for  the 
afternoon  hours,  and  from  h  to  f  for  thofe  of  the 
forenoon  :  this  will  divide  the  lines  de  and  bf  in 
the  fame  manner  as  the  hour-fcale  is  divided,  at 
I,  2,  3,4,  and  6  ;  on  which  the  quarters  may  alfo 
be  laid  down,  if  required.  Then,  laying  a  ruler 
on  the  point  r,  draw  the  firfl  fxve  hours  in  the  af¬ 
ternoon,  from  that  point,  through  the  dots  at  the 
numeral  figures  i,  2,  3,  4,  5,  on  the  line  de  ;  and 
continue  the  lines  of  IIII  and  V  through  the  center 
c  to  the  other  fide  of  the  dial,  for  the  like  hours  of 
the  morning  :  which  done,  lay  the  ruler  on  the 
point  and  draw  the  lafl  five  hours  in  the  fore¬ 
noon  through  the  dots  5,  4,  .3,  2,  i,  on  the  line 
f  b  continuino;  the  hour-lines  of  VII  and  VIII 
through  the  center  a  to  the  other  fide  of  the  dial, 
for  the  like  hours  of  the  evening  ;  and  fet  the  hours 
to  their  refpedlive  lines,  as  in  the  figure.  Laftly, 
make  the  gnomon  the  fame  way  as  taught  above 
for  the  horizontal  dial  *,  and  the  whole  will  be  fi- 
ni  Iked. 

To  make  an  eredu  fouth  dial,  take  the  co-lati¬ 
tude  of  your  place  from  the  fcale  of  latitudes,  and 
then  proceed  in  all  refpecls  for  the  hour-lines,  as 
/  in  the  horizontal  dial ;  only  reverfing  the  hours,  as 

in  Fig.  2  •,  and  making  the  angle  of  the  {file’s 
height  equal  to  the  co-latitude. 

i  have  drawn  out  a  fet  ot  dialing  lines  upon  the 
top  of  the  22d  Plate,  large  enough  for  making  a 

dial 
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dial  of  9  Inches  diameter,  or  more  inches  if  re¬ 
quired  ;  and  have  drawn  them  tolerably  exadl  for 
common  practice,  to  every  quarter  of  an  hour. 

This  fcale  may  be  cut  off  from  the  plate,  and  palled 
on  wood,  or  upon  the  infide  of  one  of  the  boards 
of  this  book  ;  and  then  it  will  be  fomewhat  more 
exadl  than  as  it  is  on  the  plate,  for,  being  rightly  ' 
divided  upon  the  copper-plate,  and  printed  off  on 
wet  paper,  it  flirinks  as  the  paper  dries  :  but  when 
it  is  wetted  again,  it  llretches  to  the  fame  fize 
as  when  nev/ly  printed  ^  and  if  pafted  on  while 
wet,  it  will  remain  of  that  fize  afterward. 

But  left  the  young  tyro  Ihould  have  neither  globe 
nor  wooden  fcalc,  and  fhould  tear  or  otherwife  fpoil 
the  paper  one  in  palling,  we  Iball  now  fhcw  him 
how  he  may  make  a  dial  without  any  of  rhcfe  helps. 

Only,  if  he  has  not  a  line  of  chords,  he  mull  divide 
a  quadrant  into  90  equal  parts  or  degrees  for  taking 
the  proper  angle  of  the  ftile’s  elevation  ;  which  is 
eafily  done. 

With  any  opening  of ‘the  compaftes,  as  Z  L,  de-Fig.  4. 
fcribe  the  two  femicirclcs  LFk  and  upon 

the  centers  Z  and  z,  where  the  fix  o’clock  Vm^Honzontd 
crofles  the  double  meridian  line ;  and  divide  each 
femicircle  into  12  equal  parts,  beginning  at  L 
(though,  ftridlly  fpeaking,  only  the  quadrants  from 
L  to  the  fix  o’clock  line  need  be  divided:)  then 
conned:  the  divifions  which  are  equidiftant  from  L, 
by  the  parallel  lines  K  IN^  HOj  GP^  and 
Draw  VZ  for  the  hypothenufe  of  the  ftile,  making 
the  angle  FZ  E  equal  to  the  latitude  of  your  places 
and  continue  the  line  FZ  to  R,  Draw  the  line  Rr 

parallel 
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parallel  to  the  fix  o’clock  line,  and  fet  ofr  the  di- 
ftance  at  a  K  from  Z  to  T,  the  diftance  bl  from  Z 
to  X,  cH  from  Z  to  dG  from  Z  to  jT,  and  eF 
from  Z  to  6*.  Then  draw  the  lines  oj,  Tt^  Ww^ 
Xxy  and  each  parallel  to  Rr,  Set  off  the  di- 
fiance^ T  from  ^  to  ii,  and  from  /  to  i  j  the  di¬ 
ftance  xX  from  to  lo,  and  from  g  to  2  ;  wW 
from  c  to  9,  and  from  h  to  tT  from>  d  to  8, 
and  from  /  to  4 ;  sS  from  e  to  7,  and  from  n  to 
5.  Then  laying  a  ruler  to  the  center  Z,  draw  the 
forenoon  hour-lines  through  the  points  ii,  10,  9/ 
8,7;  and  laying  it  to  the  center  2;,  draw  the  after¬ 
noon  lines  through  the  points  1,2,  3,  4,  5  *,  con¬ 
tinuing  the  forenoon  lines  of  VII  and  VIII  through 
thb  center  Z,  to  the  oppofite  fide  of  the  dial,  for 
the  like  afternoon  hours  ;  and  the  afternoon  lines 
nil  and  V  through  the  center  2;  to  the  oppofite 
fide  for  the  like  morning  hours.  Set  the  hours  to 
thefe  lines  as  in  the  figure,  and  then  eredt  the  ftile 
or  gnomon,  and  the  horizontal  dial  will  be  fi- 
nifiied. 

To  confcrucl  a  fouth  dial,  drav/  the  line  TZ, 
making  an  angle' with  the  meridian  ZL  equal  to 
the  co-latitude  of  your  place  and  proceed  in  all 
refpedls  as  in  the  above  horizontal  dial  for  the  fame 
latitude,  reverfing  the  hours  as  in  Fig.  2,  and 
making  the  elevation  of  the  gnomon  equal  to  the 
co-latitude. 

Perhaps  it  may  not  be  unacceptable  to  explain 
the  method  of  conftruding  the  dialing  lines,  and 
fome  others  \  which  is  as  follow’'s. 
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With  any  opening  of  the  compafles,  as  EA^  ae- 
cording  to  the  intended  length  of  the  fcale,  defcribe 
the  circle  ABCD^  and  crofs  it  at  right  angles  by 
the  diameters  A  EC  and  BED.  Divide  the  qua¬ 
drant  AB  firft  into  9  equal  parts,  and  then  each 
part  into  10  ;  fo  fhall  the  quadrant  be  divided  into  DlaBigVmfft 
90  equal  parts  or  degrees.  Draw  the  right 
AFB  for  the  chord  of  this  quadrant,  and  fetting 
one  foot  of  the  compafies  in  the  point  A^  extend  the 
other  to  the  feveral  divifions  of  the  quadrant,  and 
transfer  thefe  divifions  to  the  line  AFB  by  the 
arcs  10  10,  20  20,  &c.  and  this  will  be  a  line  of 
chords,  divided  into  90  unequal  parts  :  which,  if 
transferred  from  the  line  back  again  to  the  qua¬ 
drant,  will  divide  it  equally.  It  is  plain  by  the 
figure  that  the  diftance  from  A  to  60  in  the  line  of 
chords,  is  juft  equal  to  AE^  the  radius  of  the  circle 
from  which  that  line  is  made  *,  for  if  the  arc  60  60 
be  continued,  of  which  A  is  the  center,  it  goes  ex- 
adlly  through  the  center  E  of  the  arc  AB, 

And  therefore,  in  laying  down  any  number  of 
degrees  on  a  circle,  by  the  line  of  chords,  you 
mu  ft  firft  open  the  compafies  fo,  as  to  take  in  juft 
60  degrees  upon  that  line,  as  from  A  60  \  and 
then,  with  that  extent  as  a  radius,  defcribe  a  circle, 
which  v/ill  be  exadlly  of  the  fame  fize  with  that  from 
which  the  line '  was  divided  :  which  done,  fet  one 
foot  of  the  compafies  in  the  beginning  of  the  chord¬ 
line,  as  at  yf,  and  extend  the  other  to  the  number 
of  degrees  you  want  upon  the  line  ;  which  extent, 
applied  to  the  circle,  will  include  the  like  number 
of  degrees  upon  it. 
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Divide  the  quadrant  C  D  into  90  equal  parts,  and 
from  each  point  of  divifion  draw  right  lines,  as 

/,  &c.  to  the  line  CE^  all  perpendicular  to  that 
line,  and  parallel  to  D which  will  divide  EC 
into  a  line  of  lines  ;  and  although  thcfe  are  feldom 
put  among  the  dialing  lines  on  a  fcale,  yet  they 
affill  in  drawing  the  line  of  latitudes.  For,  if  a 
ruler  be  laid  upon  the  point  D,  and  over  each  di¬ 
vifion  in  the  line  of  fines,  it  will  divide  the  qua¬ 
drant  BC  into  90  unequal  parts,  as  Ba,  Bh^  &c. 
Ihewn  by  the  right  lines  10^,  20^,  30 r,  &c.  drawn 
along  the  edge  of  the  ruler.  If  the  right  line  BC 
be  drawn,  fubtending  this  quadrant,  and  the  near- 
eft,  diftances  Ba^  Bh^  Bc^  &c.  be  taken*  in  the 
compalTes  from  B^  and  fet  upon  this  line  in  the 
fame  manner  as  diredled  for  the  line  of  chords  ; 
we  have  a  line  of  latitudes  equal  in  length  to 
the  line  of  chords  AB^  and  of  an  equal  number  of 
divifions,  but  very  unequal  as  to  their  lengths. 

Draw  the  right  line  DGA,  fubtending  the  qua¬ 
drant  DA,  and  parallel  to  it  draw  the  right  line 
7's,  touching  the  quadrant  DA  at  the  numeral  fi¬ 
gure  3.  Divide  this  quadrant  into  fix  equal  parts, 
as  I,  2,  3,  &c.  and  through  thefe  points  of  divifion 
draw  right  lines  from  the  center  E  to  the  line  rj, 
which  will  divide  it  at  the  points  where  the  fix 
hours  are  to  be  placed,  as  in  the  figure.  If  every 
fixth  part  of  the  quadrant  be  fub-divided  into  four 
equal  parts,  right  lines  drawn  from  the  center 
through  thefe  points  of  divifion,  and  continued  to 
the  line  rj,  will  divide  each  hour  upon  it  into 
quarters. 
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In  Fig.  2.  we  have  the  reprefeatation  of  a  por- Fig.  2. 
jtable  dial,  which  may  be  eafiiy  drawn  on  a  card,  A  ^^/on  a 
[and  carried  in  a  pocket-book.  The  lines  ad,,  ah,, 
and  ac  oi  the  gnomon  are  cut  quite  through  the 
card;  and  as  the  end  ah  oi  the  gnomon  is  railed 
occafionally  above  the  plane  of  the  dial,  it  turns, 
ias  it  were,  upon  the  uncut  line  cd.  The  line  AB 
is  flit  quite  through  the  card,  and  the  thread  C 
is  put  through  the  flit,  and  has  a  knot  tied  behind, 
to  keep  it  from  being  eafily  drawn  out.  On  the 
iother  end  of  this  thread  is  a  fmall  plummet  D,  and 
{On  the  middle  of  it  a  fmall  bead  for  fhewing  the 
jhour  of  the  day. 

I  To  redtify  this  dial,  fet  the  thread  in  the  flit, 
jrlght  againfl  the  day  of  the  month,  and  flretch  the 
thread  from  the  day  of  the  month  over  the  angular 
J)oint  where  the  curve  lines  meet  at  XII,  then 

fiift  the  bead  to  that  point  on  the  thread,  and  the 
ial  will  be  redlified. 

To  find  the  hour  of  the  day,  raife  the  gnomon 
(no  matter  how  much  or  how  little)  and  hold  the 
(edge  of  the  dial  next  the  gnomon  towards  the  fun, 
fo  as  the  uppermofl:  edge  of  the  fhadow  of  the  gno¬ 
mon  may  jufi:  cover  the  JhadowAine  y  and  the  bead 
{then  playing  freely  on  the  face  of  the  dial,  by  the 
weight  of  the  plummet,  will  fhew  the  time  of  the 
(day  among  the  hour-lines,  as  it  is  forenoon  or 
lafternoon. 

To  find  the  time  of  fun-rifing  and  fetting,  move 
khe  thread  among  the  hour-lines,  until  it  either 
icovers  fome  one  of  them,  or  lies  parallel  betwixt 
any  two  \  and  then  it  will  cut  the  time  of  fun- 
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rifing  among  the  forenoon  hours,  and  of  fun-fettin^  i 
among  the  afternoon-hours,  for  that  day  of  the  : 
year  to  which  the  thread  is  fet  in  the  fcale  of  i 
months. 

To  find  the  fun’s  declination,  ftretch  the  thread  i 
from  the  day  of  the  month,  over  the  angular  point  |] 
at  twelve,  and  it  will  cut  the  fun’s  declination,  as  t 
it  is  north  or  fouth,  for  that  day,  in  the  proper  ft 
fcale.  I 

To  find  on  what  days  the  fun  enters  the  figns  : 
when  the  bead,  as  above  redlified,  moves  along 
any  of  the  curve  lines  which  have  the  figns  of  the 
zodiac  marked  upon  them,  the  fun  enters  thofe 
Jfigns  on  the  days  pointed  out  by  the  thread  in  the 
fcale  of  months.  j 

pig.  3.  The  conftrudlion  of  this  dial  is  very  eafy,  cfpc-  « 
cially  if  the  reader  compares  it  all  along  with  Fig»  :  \ 
as  he  reads  the  following  explanation  of  that  i| 
figure. 

Draw  the  occult  line  AB  parallel  to  the  top  of  j 
the  card,  and  crofs  it  at  right  angles  with  the  fix  | 
o’clock  line  ECD,  Then,  upon  C,  as  a  centei* 
with  the  radius  Cyf,  deferibe  the  femicircle  AEL^  i 
and  divide  it  into  12  equal  parts  (beginning  at  y^)  . 

Ar^  As f  See,  and  from  thefe  points  of  divifion,  j 
draw  the  hour-lines  r,  i,  fif,  v,  w,  and  all  pa-  | 
rallel  to  the  fix  o’clock  line  E  C,  If  each  part  of 
the  femicircle  be  fubdivided  into  four  equal  parts, 
they  will  give  the  half  hour  lines  and  quarters  (as 
in  Fig.  2.)  Draw  the  right  line  ASDo^  making 
the  angle  SAB  equal  to  the  latitude  of  your  place. 
Upon  the  center  A^  deferibe  the  arch  RST^  and 
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et  off  upon  It  the  arcs  SR  and  S^^  each  equal  to 
23“*  degrees,  for  the  fun’s  greateft  declination; 
nd  divide  them  accordingly,  as  in  Fig.  2. 
hrough  the  interfedlion  Z)  of  the  lines  ECT)  and 
AD  o^  draw  FD  G  at  right  angles  to  A  Do,  Lay  a 
||ruler  on  the  points  A  and  and  draw  the  line 
\  ARF  through  23 f  degrees  of  fouth  declination  in 
he  arc  SR  \  and  then  laying  the  ruler  over  the 
oints  and  ST,  draw  the  line  AFG  through  23I- 
egrees  of  north  declination  in  the  arc  SF :  fo  fhall 
he  lines  ARF and  AF G  cut  the  line  FD G  in  the 
roper  length  for  the  fcale  of  months.  Upon  the 
enter  Z),  with  the  radius  Z)F,  deferibe  the  femi- 
ircle  Fo  G  ;  which  divide  into  fix  equal  parts, 
my  mn^  noy  See.  and  from  thefe  points  of  divifion, 
tdraw  the  right  lines  mby  niy  fky  and  ^/,  each  pa- 
allel  to  oD,  Then  fetting  one  foot  of  the  com- 
afles  in  the  point  F,  extend  the  other  to  Ay  and 
H  ideferibe  the  arc  AzFl  for  the  tropic  of  V?  :  with  the 
f|  iame  extent,  fetting  one  foot  in  G,  deferibe  the  arc 
lAEO  for  the  tropic  of  Q,  Next,  fetting  one  foot 
I  in  the  point  by  and  extending  the  other  to  Ay  de- 

i  feribe  the  arc  AC  I  for  the  beginning  of  ^  and  / ; 
)l  and  with  the  fame  extent,  fetting  one  foot  in  the 

point  /,  deferibe  the  arc  AN  for  the  beginning  of 
or  and  Ft*  Set  one  foot  in  the  point  /,  and  having 

ii  jextended  the  other  to  Ay  deferibe  the  arc  AK  for 
,8  the  beginning  of  H  and  lH, ;  and  with  the  fame 
If  lextent,  fet  one  foot  in  ky  and  deferibe  the  arc  AM 
I  |for  the  beginning  of  ^  and  Ilg.  Then,  fetting  one 
^  |foot  in  the  point  Z),  and  extending  the  other  to  Ay 

elcribe  the  curve  AL  for  the  beginning  of  ^ 

A  a  2  and 
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and  tCiJ  ;  and  the  figns  will  be  finilhed.  Thm  i 
done,  lay  a  ruler  from  the  point  A  over  the  fun’s  | 
declination  in  the  arch  RS'T  (found  by  the  follow-  | 
ing  table)  for  every  fifth  day  of  the  year ;  and  i 
where  the  ruler  cuts  the  line  FD  G,  make  marks  %  j 

and  place  the  days  of  the  months  right  againft  | 

thefe  marks,  in  the  manner  fhewn  by  Fig.  2.  I 
Laflly,  draw  the  fhadow-line  parallel  to  the  | 
occult  line  AB  \  make  the  gnomon,  and  fet  the  j 
hours  to  their  refpedive  lines,  as  in  Fig.  2.  and  i 
the  dial  will  be  finifhed.  I 

There  are  feveral  kinds  of  dials  wHch  are  called 
univerfal^  becaufe  they  ferve  for  all  latitudes.  Of 
Tig.  4..  ^thefe,  the  bed:  one  that  I  know,  is  Mr.  P^r&’s, 
which  confifts  of  three  principal  parrs ;  the  firfk  j 
An  unwer-  whereof  is  called  the  horizontal  plane  ( A)^  becaufe  j 

lal  dial  pradlice  it  mufl'be  parallel  to  the  horizon.  In 

this  plane  is  fixed  an  upright  pin,  which  enters 
into  the  edge  of  the  fecond  part  PP,  called  the 
meridional  plane  \  which  is  made  of  two  pieces,  the  ! 
loweft  whereof  (B)  h  called  tht  quadrant^  becaufe  j 
'  it  contains  a  quarter  of  a  circle,  divided  into  90  j 
degrees  ;  and  it  is  only  into  this  part,  near  B^ 
that  the  pin  enters.  The  other  piece  is  a  femicir^ 
de  (D)  adjufled  to  the  quadrant,  and  turning  in  1 
it  by  a  groove,  for  railing  or  deprelTing  the  diameter 
(EF)  of  the  femicircle,  which  diameter  is  called 
the  axis  of  the  inftrument.  The  third  piece  is  a 
,  i'irde  (G)^  divided  on  both  fides  into  24  equal 

parts,  which  are  the  hours.  This  circle  is  put 
upon  the  meridional  plane  fo,  that  the  axis  (EF) 
may  be  perpendicular  to  the  circle  j  and  the 

point 
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point  C  be  the  common  center  of  the  circle,  feml- 
circle,  and  quadrant.  The  flraight  edge  of  the 
femicircle  is  chamfered  on  both  (ides  to  a  iharp 
edge,  which  pafTes  through  the  center  of  the  cir¬ 
cle.  On.  one  fide  of  the  chamfered  part,  the  firfl 
fix  months  of  the  year  arc  laid  down,  according 
to  the  fun’s  declination  for  their  refpedfive  days ; 
and  on  the  other  fide,  the  laft  fix  months.  And 
againft  the  days  on  which  the  fun  enters  the  figns,^ 
there  are  ftraight  lines  drawn  upon  the  femicircle^ 
with  the  charafers  of  the  figns  marked  upon 
them.  There  is  a  black  line  drawn  along  the  mid¬ 
dle  of  the  upright  edge  of  the  quadrant,  over 
which  hangs  a  thread  with  its  plummet  (1)^ 
for  leveling  the  inftrument.  N,  B,  From  the  23d 
jof  September  to  the  20th  of  March,  the  upper 
furface  of  the  circle  mull  touch  both  the  center 
C  of  the  femicircle,  and  the  line  of  and  ; 
and  from  the  20th  of  March  to  the  23d  of  Sep¬ 
tember,  the  lower  furface  of  the  circle  mull  touch 
that  center  and  line. 

To  find  the  time  of  the  day  by  this  dial.  Hav¬ 
ing  fet  it  on  a  level  place  in  fun-fhine,  and  ad- 
jufted  it  by  the  leveling  fcrews  k  and  /,  until  the 
plumb  line  hangs  over  the  black  line  upon  the 
edge  of  the  quadrant,  and  parallel  to  the  faid 
edge  ;  move  the  femicircle  in  the  quadrant, 
until  the  line  of  ^  and  ^  (where  the  circle 
touches)  comes  to  the  latitude  of  your  place  in  the 
quadrant :  then,  turn  the  whole  meridional  plane 
B  D,  with  its  circle  G,  upon  the  horizontal  plane 
until  the  edge  of  the  fiiadow  of  the  circle  falls 

A  a  3  precifely 
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precifely  on  the  day  of  the  month  in  the  femidrcle;' 
and  then,  the  meridional  plane  will  be  due  north 
and  fouth,  the  axis  EF  will  be  parallel  to  the  axis 
of  the  world,  and  will  call  a  fhadow  upon  the  true  | 
time  of  the  day,  among  the  hours  on  the  circle.  | 
N.  B.  As,  when  the  inftrument  is  thus  redlified, 
the  quadrant  and  femicircle  are  in  the  plane  of  the  f 
meridian,  fo  the  circle  is  then  in  the  plane  of  the  1 
equi nodial.  Therefore,  as  the  fun  is  above  the  | 
equinodial  in  fummer,  (in  northern  latitudes)  and  f 
below  it  in  winter ;  the  axis  of  the  femicircle  will  I 
*  call  a  fhadow  on  the  hour  of  the  day,  on  the  up-  ] 
per  furface  of  the  circle,  from  the  20th  of  March  ! 
to  the  23d  of  September:  and  from  the  23d  of 
September,  to  the  2orh  of  March,  the  hour  of 
the  day  will  be  determined  by  the  fhadow  of  the 
femicircle,  upon  the  lower  furface  of  the  circle.  In  I 
the  former  cafe,  the  fhadow  of  the  circle  falls  upon 
the  day  of  the  month,  on  the  lower  part  of  the  i 
diameter  of  the  femicircle ,  and  in  the  latter  cafe, 
on  the  upper  part.  H 

Fig.  5.  The  method  of  laying  down  the  months  and 
^  figns  upon  the  femicircle,  is  as  follows.  Draw  the  j 
right  line  ACB^  equal  to  the  diameter  of  the  fe*  ’ 
micircle  AE  5,  and  crofs  it  in  the  middle  at  right  i 
angles  with  the  line  ECD^  equal  in  length  to  ! 
ADB  s  then  EC  will  be  the  radius  of  the  circle 
FCG^  which  is  the  fame  as  that  of  the  femicircle. 
Upon  A,  as  a  center,  defcribe  the  circle  FCG,  on 
which,  fet  off  the  arcs  Ch  and  C/,  each  equal  to 
23“  degrees,  and  divide  thena  accordingly  into 
that  number,  for  the  fun’s  declination.  Then, 

laying 
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jjfeying  the  edge  of  a  ruler  over  the  center  £,  and 
Ipiro  over  the  fun’s  declination  for  every  *  fifth  day 
Ijof  each  month,  (as  in  the  card  dial)  mark  the  - 
■points  on  the  diameter  AB  oi  the  femicircle,  from 
m  to  which  are  cut  by  the  ruler  ;  and  tbere^  place 
[the  days  of  the  months  accordingly,  anfwering  toi 
[the  fun’s  declination.  This  done,  fetting  one  foot 
of  the  compaffes  in  C,  and  extending  the  other  to 
^  or  gy  defcribe  the  femicircle  ahcdefg\  which 
divide  into  fix  equal  parts,  and  through  the  points 
lof  divifion  draw  right  lines,  parallel  to  CZ),  for 
the  beginning  of  the  fines,  (of  which  one  half 
are  on  one  fide  of  the  femicircle,  and  the  other 
half  on  the  other)  and  fet  the  charadlers  of  the  • 
figns  to  their  proper  lines,  as  in  the  figure. 

The  following  table  fhews  the  fun’s  place  and 
declination,  in  degrees  and  minutes,  at  the  noon 
of  every  day  of  the  fecond  year  after  leap-year  ^ 
which  is  a  mean  between  thofe  of  leap-year  itfelf, 
and  the  firft  and  third  years  after.  It  is  ufeful  for 
infcribing  the  months  and  their  days  on  fun-dials  ;  ' 

and  alfo  for  finding  the  latitudes  of  places,  ac¬ 
cording  to  the  methods  prefcribed  at  the  end  of  the 
table.  I 

*  The  intermediate  days  may  be  drawn  In  by  hand,  if  the  > 
fpace  be  large  enough  to  contain  them. 
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2 
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6 
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43 
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8 
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49 
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^iihi  for  finding  the  latitude^ 

♦ 

I 

f* 0  find  the  latitude  of  any  place  hy  ohfervation,  •  t 

,  iP( 

The  latitude  of  any  place,  is  equal  to  the  eleva¬ 
tion  of  the  pole  above  the  horizon  of  that  place,  sj 
Therefore  it  is  plain,  that  if  there  was  a  ftar  fixe  \] 
in  the  pole,  there  would  be  nothing  required  to 
find  the  latitude,  but  to  take  the  height  of  that 
liar  with  a  good  inftrument.  But  although  there 
\s  no  ftar  in  the  pole,  yet  the  latitude  may  be  | 
found  by  taking  the  greateft  and  leaft ,  height  of  | 
any  ftar  that  never  fets  :  for  if  half  the  difference  ^ 
between  thefe  heights  be  added  to  the  leaft  height, 
or  fubtraeffed  from  the  greateft,  the  fum  or  remain¬ 
der,  will  be  equal  to  the  height  of  the  pole  at  the 
place  of  obfervation.  \ 

But  becaufe  the  night  muft  be  more  than  12  ■ 

hours  in  length,  in  order  to  have  two  fuch  obfer-  j 
rations ;  the  fun’s  meridian  altitude  and  decli¬ 
nation  are  generally  made  ufe  of  for  finding  the 
latitude,  by  means  of  its  complement,  which  is 
equal  to  the  elevation  of  the  equinodlial  above  the 
horizon ;  and  if  this  complement  be  fubtradled 
from  90  degrees,  the  remainder  is  the  latitude  :  | 

concerning  which,  I  think  the  following  rules  take  ^ 

in  all  the  various  cafes. 

I,  If  the  fun  has  north  declination,  and  is  on 
the  meridian  to  the  fouth  of  your  place,  fubtradl 
the  declination  from  the  meridian  altitude,  (taken 
by  a  good  quadrant)  and  the  remainder  is  the 
height  of  the  equinodlial  or  complement  of  the  lati¬ 
tude  north. 

ex!- 


Kuks  for  ffiding  the  lattlvde, 
EXAMPLE. 

Slip- C  The  fun’s  meridian  altitude  42°  20  South 
pole  c  And  his  declination,  (fubtr.)  10  15  North 


I 


Rem.  the  comp,  of  the  latitude 
Which  fubtrad  from  • — •  — 


Sr  And  the  rem.  is  the  latitude 


32  5 

90  o 

57  55  North; 


2.  If  the  fun  has  fouth  declination,  and  is 
ijjfouthward  of  your  place  at  noon,  add  the  de- 
J  ciination  to  the  meridian  altitude;  the  fum,  if  lels 
jj  than  90  degrees,  is  the  complement  of  the  latitude 
north  :  but  if  the  fum  exceeds  90  degrees,  the  la- 
jjjtitude  is  fouth,  and  if  90  be  taken  from  that  fum^ 
the  remainder  will  be  the  latitude. 

^  EXAMPLES. 

[The  fun’s  meridian  altitude 
The  fun’s  declination,  (add) 


Comp,  of  the  latitude 
Subtrad  from  — 

Rem.  the  latitude 


The  fun’s  meridian  altitude 
The  fun’s  declination,  (add) 

The  fum  is  -  -  -  - 

From  which  fubtrad  - 

Remains  the  latitude  — 


65" 

/ 

10 

South 

.*5 

30 

South 

80 

40 

90 

•  0 

9 

20 

t: 

0 

0 

0 

00 

40' 

South 

20 

10 

South 

100 

50 

\ 

90 

0 

10 

50 

South. 

3.  If 


IRuhs  for  finding  the  latitude^ 

’3.  If  the  fun  has  north  declination,  and  is  on 
the  meridian  north  of  your  place,  add  the  de¬ 
clination  to  the  north  meridian  altitude  *,  the  fum, 
if  lefs  than  90  degrees,  is  the  complement  of  the 
latitude  fouth  :  but  if  the  fum  is  more  than  90  de¬ 
grees,  fubtradl  90  from  it,  and  the  remainder  is 

the  latitude  north. 

% 


E  X  A  M  P 

L  E 

Sun’s  meridian  altitude 

/  * 

60” 

30 

North 

Sun’s  declination,  add  - 

- 

20 

10 

North 

*  Compl.  of  the  latitude  - 

80 

40 

Subtrad  from  -  -  - 

90 

0 

Remains  the  latitude 

9 

20 

South. 

Sun’s  meridian  altitude 

• 

70° 

20' 

North 

Sun’s  declination,  add 

- 

23 

20 

North 

The  fum  is  -  -  - 

93 

40 

From  which  fubtrad  - 

US 

90 

0 

•Remains  the  latitude 

- 

3 

40 

North. 

4.  If  the  fun  has  fouth  declination,  and  is  north 
of  your  place  at  noon,  fubtrad  the  declination 
from  the  north  meridian  altitude,  and  the  re¬ 
mainder  is  the  complement  of  the  latitude  fouth. 


EXAM. 


of  didlmg^ 

EXAMPLE. 


Sun’s  meridian  altitude  -  -  52”  30^  North 

Sun’s  declination,  fubtrad  20  10  South 


Compl.  of  the  latitude  -  -  32  20 

Subtradt  this  from  -  -  -  po  o 

And  the  rem.  is  the  latitude  57  40  South. 

1 

5.  If  the  fun  has  no  declination,  and  is  fouth 
f  your  place  at  noon,  the  meridian  altitude  is  the 
omplement  of  the  latitude  north  :  but  if  the  fun 
e  then  north  of  your  place,  his  meridian  altitude 
>  the  complement  of  the  latitude  fouth. 


EXAMPLES. 

Sun’s  meridian  aldtudo  -  38°  30'  South 


Subtradl  from 
Remains  the  latitude 

Sun’s  meridian  altitude 
Subtradl  from  -  - 


-  -  90  o 


51  30  North. 

38°  30^  North 
90  o 


Remains  the  latitude  -  5^  30  South. 

6.  If  you  obferve  the  fun  beneath  the  pole, 
btradl  his  declination  from  90  degrees,  and  add 
le  remainder  to  his  altitude  ^  and  the  fum  is  the 
ititude. 

B  b 


369 


E  X. 


Of  dialings 


E  X  A  M  P  L 

Sun’s  declination  -  -  - 

Subtract  from  -  -  -  - 

Remains  -  -  -  -  -  - 

Sun’s  altitude  below  the  pole 

I 

The  fum  is  the  latitude 

Which  is  north  or  fouth,  according  as  the  fun’s  ! 
declination  is  north  or  fouth  :  for  when  the  fun  has  j 
,  fouth  declination,  he  is  never  feen  below  the  north  j 
pole ;  nor  is  he  ever  feen  below  the  fouth  pole,  j 
when  his  declination  is  north.  i 

7.  If  the  fun  be  in  the  zenith  at  noon,  and  at  j 
the  fame  time  has  no  declination,  you  are  then  ) 
Under  the  equinodtial,  and  fo  have  no  latitude.  | 

8.  If  the  fun  be  in  the  zenith  at  noon,  and  has  \ 
declination,  the  declination  is  equal  to  the  latitude,  , 
north  or  fouth.  Thefe  two  cafes  require  no  ex-  > 
amples. 

L  E  C  T.  X. 

Of  dialing, 

TTAVING  fliewn  in  the  preceding  Ledlure  : 
^  how  to  make  fun-dials  by  the  afliftance  of  a  j 
good  globe,  or  of  a  dialing  fcale,  we  fhall  now 
proceed  to  the  method  of  conftrudling  them  arith-  - 
metically  ^  which  will  be  more  agreeable  to  thofe  / 

who  t 


E. 


20  30 
90  o 

69  30 
10  20 


add 


79  50. 


y’ 


J 

s 

i 

1 

p 


r; 

} 


£ 

' 
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Of  dialing. 

ivko  have  learnt  the  elements  of  trigonometry,  be- 
Daufe  globes  and-fcales  can  never  be  fo  accurate  as 
:he  logarithms,  in  finding  the  angular  diftances  of 
:he  hours.  Yet,  as  a  globe  may  be  found  exaft 
mough  for  fome  other  requifites  in  dialing,  we 
liall  take  it  in  occafionally. 

I  The  confbrudion  of  fun-dials  on  all  planes 
vhatever,  may  be  included  in  one  general  rule :  intel- 
igible,  if  that  of  a  horizontal  dial  for  any  given  la- 
itude  be  well  underftood.  For  there  is  no  plane, 
lowever  obliquely  fituated  at  any  given  place,  but 
vhat  is  parallel  to  the  horizon  of  fome  other  place ; 

Ind  therefore,  if  we  can  find  that  other  place  by 
problem  on  the  terreftrial  globe,  or  by  a  trigo- 
ometrical  calculation,  and  conflrudl  a  horizontal 
lial  for  it;  that  dial,  applied  to  the  plane  where 
t  is  to  ferve,  will  be  a  true  dial  for  that  place.— 
Thus,  an  eredt  direft  fouth  dial  in  de- 

;rees  north  latitude,  would  be  a  horizontal  dial 
in  the  fame  meridian,  90  degrees  fouthward  of 
1 1*  degrees  north  latitude;  which  falls  in  with 
gi  degrees  of  fouth  latitude.  But  if  the  up- 
ght  plane  declines  from  facing  the  fouth  at  the 
iven  place,  it  would  ftill  be  a  horizontal  plane  90 
egrees  from  that  place  ;  but  for  a  different  longi- 
jde  :  which  would  alter  the  reckoning  of  the  hours 
ccordingly. 


CASE  I. 


I.  Let  us  fuppofe  that  an  uprigh,t  plane  at 
<ondon,  declines  36  degrees  weftwafd  from  facing 
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the  fouth ;  and  that  it  is  required  to  find  a  place 
on  the  globe,  to  whofe  horizon  the  faid  plane  is  I 
parallel ;  and  alfo  the  difference  of  longitude  be-  ^ 
tween  London  and  that  place. 

Redify  the  globe  to  the  latitude  of  London,  ’ 
and  bring  London  to  the  zenith  under  the  brafs 
meridian,  then,  that  point  of  the  globe  which 
lies  in  the  horizon  at  the  given  degree  of  declina¬ 
tion,  (counted  weftward  from  the  fouth  point  of 
the  horizon)  is  the  place  at  which  the  abovemen- 
tioned  plane  would  be  horizontal. — Now,  to  find 
the  latitude  and  longitude  of  that  place,  keep  your 
*,eye  upon  the  place,  and  turn  the  globe  eaftward,  until 
it  comes  under  the  graduated  edge  of  the  brafs  me¬ 
ridian  ;  then,  the  degree  of  the  brafs  meridian 
that  {lands  dire6lly  over  the  place,  is  its  latitude  *, 
and  the  number  of  degrees  in  the  equator,  that 
are  intercepted  between  the  meridian  of  London  : 
and  brafs  meridian,  is  the  place’s  difference  of 
longitude. 

Thus,  as  the  latitude  of  London  is  51  f  de¬ 
grees  north,  and  the  declination  of  the  place  is 
36  degrees  weft;  I  elevate  the  north  pole  de-  ; 
grees  above  the  horizon,  and  turn  the  globe  until  ; 
London  comes  to  the  zenith,  or  under  the  gra-  ^ 
duated  edge  of  the  meridian  ;  then,  I  count  36  J 
degrees  on  the  horizon,  weftward  from  the  fouth  } 
point,  and  make  a  mark  on  that  place  of  the  globe  j 
over  which  the  reckoning  ends,  and  bringing  the  i 
mark  under  the  graduated  edge  of  the  brafs  me-  ' 
ridian,  I  find  it  to  be  under  30^  degrees  in  , 
fouth  latitude ;  keeping  it  there,  I  count  in  the  i 

equator  ; 
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equator  the  numl>er  of  degrees  between  the  meri¬ 
dian  of  London  and  the  brafen  meridian,  (which 
low  becomes  the  meridian  of  the  required  place) 
ind  find  it  to  be  42|-.  Therefore,  an  upright 
plane  at  London,  declining  36  degrees  weftward 
from  the  fouth,  would  be  a  horizontal  plane  at 
bat  place,  v/hofe  latitude  is  30^  degrees  fouth  of 
the  equator,  and  longitude  degrees  weft  of 
Ihe  meridian  of  London. 

I  Which  difference  of  longitude  being  converted 
nto  time,  is  2  hours  51  minutes. 

I  The  vertical  dial,  declining  weftward  36  de¬ 
crees  at  London,  is  therefore  to  be  drawn  in  all 
refpedls  as  a  horizontal  dial  for  fouth  latitude  30-j 
pegrees  ;  fave  only,  that  the  reckoning  of  the 
hours  is  to  anticipate  the  reckoning  on  the  hori¬ 
zontal  dial,  by  2  hours  51  minutes  :  for  fo  much 

i boner  will  the  fun  come  to  the  meridian  of  Lon- 
Ion,  than  to  the  meridian  of  any  place  whofe  Ion- 
ritude  is  42|-  degrees  weft  from  London. 

2.  But,  to  be  more  exadl  than  the  globe  will 
Ihew  us,  we  lhall  ufe  a  little  trigonometry. 

Let  NESW  the  horizon  of  London,  whofe  Pi-  xxiii, 
zenith  is  Z,  and  P  the  north  pole  of  the  fphere  : 
pnd  letZ^  be  the  pofition  of  a  vertical  plane  at  Z, 

ileclining  weftward  from  S,  (the  fouth)  at  an  an- 
rle  of  36  degrees  ;  on  which  plane  an  eredi:  dial 
or  London  at  Z  is  to  be  defcribed.  Make  the 
iemidiameter  ZD  perpendicular  to  Zb,  and  it  will 
tut  the  horizon  in  D,  36  degrees  weft  of  the  fouth 
Is.  Then,  a  plane  in  the  tangent  HD,  touching 
the  fphere  in  D,  will  be  parallel  to  the  plane  Zh  \ 
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and  the  axis  of  the  fphere  will  be  equally  inclined 
to  both  thefe  planes. 

Let  W SIE  be  the  equinodtial,  whofe  elevation 
above  the  horizon  of  Z  (London)  h  384  degrees  *, 
and  PRD  be  the  meridian' of  the  place  Z),  cutting 
the  equiriO(5lial  in  R.  Then,  it  is  evident,  that 
the  ^yc  'RD  is  the  latitude  of  the  place  D,  (where 
the  plane  Zb  would  be  horizontal)  and  the  are 
R  ^  is  the  difference  of  longitude  of  the  planes 
Zb  and  DH. 

In  the  fpherical  triangle  WDR^  the  arc  WD  is 
given,  for  it  is  the  complement  of  the  plane’s  de¬ 
clination  from  S  the  fouth  ;  which  complement  is 
54°  {viz.  90°“ — 36°)  :  the  angle  at  jR,  in  wdiich 
the  meridian  of  the  place  D  cuts  the  equator,  is  a 
right  angle  ;  and  the  angle  RJVD  meafures  the 
elevation  of  the  equino(5lial  above  the  horizon  of 
Z,  name]yv38Y  degrees.  Say  therefore,  as  radius 
is  to  the  co-fine  of  the  plane’s  declination  from  the 
fouth,  fo  is  the  co-fine  of  the  latitude  of  Z  to  the 
Tne  oi  RD  the  latitude  of  D ;  which  is  of  a  dif¬ 
ferent  denomination  from  the  latitude  of  Z,  be- 
caufe  Z  and  D  are  on  different  fides  of  the  equator. 

As  radius  —  ' —  10.00000 

To  co-fine  36®  o-=:iR^  9.90796  ^ 

So  CO- fine  51°  ^d-=^Z  9.79415 

To  fine  30'^  i4'=:Z)i?  (9.7021 1)  =  the 

lat.  of  I),  whofe  horizon  is  parallel  to  the  vertical 
plane  Zi?  at  Z. 


N.  B. 
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N,  B,  When  radius  is  made  the  firft  term,  It 
may  be  omitted,  and  then,  by  fub^radling  it  men¬ 
tally  from  the  fum  of  the  other  two,  the  opera- 
ion  will  be  fhortened.  Thus,  in  the  prefent  cafe, 

'o  the  logarithmic  fme  of  IV R  =  *54®  9.90796 

|Add  the  logarithmic  fine  of  —  *^38°  30' 9.79415 

Their  fum  —  radius  —  —  —  9.702  ii 

gives  the  fame  folution  as  above.  And  we  fhall 
keep  to  this  method  in  the  following  part  of  the 
work. 


To  find  the  difference  of  longitude  of  the  places 
D  and  Z,  fay,  as  radius  is  to  the  co-fine  of  381- 
degrees,  the  height  of  the  equinodial  at  Z,  fo  is 
the  CO- tangent  of  36  degrees,  the  plane’s  declinati- 
ton,  to  the  co-tangent  of  the  difierence  of  longi¬ 
tudes.  Thus, 


To  the  log.  fine  of  **51° 
Add  the  log.  tang,  of  J  54^  o' 


9.89354 

10.13874 


Their  fum  —  radius  —  —  10.03228  is 

the  neareft  tangent  of  47“  8',  =  WR  ;  which  is 
the  co-tangent  of  42°  52',  the  difference 

of  longitude  fought.  Which  difference,  being  re¬ 
duced  to  time,  is  2h.  51  {-m. 

*  The  co-fine  of  36®  o'",  or  of 
f  The  co-fine  of  51°  30',  or  of  i^Z. 

♦♦  The  co-fine  of  38"  30",  or  of  WV>R, 

X  The  co-ungent  of  36°,  or  of  J) 
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3.  And  Aus  having  found  the  exaft  latitude 
and  longitude  of  the  place  D,  to  whofe  horizon 
the  vertical  plane  at  Z  is  parallel,  we  fhall  proceed 
to  the  conftrudion  of  a  horizontal  dial  for  the 
place  D,  whofe  latitude  is  30°  i4^fouth*5  but  an- 
ticipating-the  time  at  D  by  2  hours  51  minutes, 
(negieding  the  ^  minute  in  pradice)  becaufe  D  is' 
fo  far  we  ft  ward  in  longitude  from  the  meridian  of 
London  ;  and  this  wdil  be  a  true  vertical  dial  at 
London,  declining  weft  ward  36  degrees. 

Afllime  any  right  line  CSL  for  the  fubftile  of 
the  dial,  and  make  the  angle  KCP  equal  to  the 
latitude  of  the  place  (viz.  30'’  14O  to  whofe  ho¬ 
rizon  the  plane  of  the  dial  is  parallel ;  then  CRP 
will  be  the  axis  of  the  ftile,  or  edge  tliat  cafts  the 
lhadow  on  the  hours  of  the  day  in  the  dial.  This 
done,  draw  the  contingent  line  cutting  the 

fubftilar  line  at  right  angles  in  /f;  and  from  K 
make  KR  perpendicular  to  the  axis  CRP.  Then 
KG  {r=z:KR)  being  made  radius,  that  is,  equal 
to  the  chord  of  60''  or  tangent  of  45°  on  a  good 
fedor,  take  42°  52^  (the  difterence  of  longitude 
of  the  places  Z  and  D)  from  the  tangents,  and 
having  fet  it  from  K  to  Af,  draw  CM  for  the  hour- 
line  of  Xn.  Take  XiV,  equal  to  the  tangent  of 
an  angle  lefs  by  15  degrees  than  KMy  that  is,  the 
tangent  27^  52';  and  through  the  point  iV  draw 
CN  for  the  hour-line  of  L  The  tangent  of  12° 
52',  (which  is  15°  lefs  than  27°  52')  fet  off  the 
fame  way,  will  give  a  point  between  K  and 
through  which  the  hourdine  of  11  is  to  be  drawn. 
The  tangent  of  2"^  8^  (the  difference  between  45® 

and 
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and  42*  52')  placed  on  the  other  fide  of  CZ/,  will 
determine  the  point  through  which  the  hour-line 
of  III  is  to  be  drawn  :  to  which  2®  8^,  if  the  tan¬ 
gent  of  15“  be  added,  it  will  make  17°  8^;  and' 
this  fet  off  from  K  towards  on  the  line 
will  give  a  point  for  the  hour-line  of  IIII :  and 
fo  of  the  reft. —  The  forenoon  hour-lines  are  drawn 
the  fame  way,  by  the  continual  addition  of  the 
tangents  15°,  30°,  45®,  to  42®  52'  (=::  the 
tangent  of  KM)  for  the  hours  of  XI,  X,  IX, 
as  far  as  neceftary ;  that  is,  until  there  be  five 
hours  on  each  fide  of  the  fubftile.  The  fixth 
hour,  accounted  from  that  hour  or  part  of  the 
hour  on  which  the  fubftile  falls,  will  be  al¬ 
ways  in  a  line  perpendicular  to  the  fubftile,  and 
drawn  through  the  center  C. 

4.  In  all  ere6f  dials,  CM,  the  hour-line  of  XII, 
is  perpendicular  to  the  horizon  of  the  place  for 
which  the  dial  is  to  ferve  :  for  that  line  is  the  in- 
terfedlion  of  a  vertical  plane  with  the  plane  of 
the  meridian  of  the  place,  both  which  are  perpen¬ 
dicular  to  the  plane  of  the  horizon :  and  any  line 
Z/O,  or  bo^  perpendicular  to  CM,  will  be  a  ho¬ 
rizontal  line  on  the  plane  of  the  dial,  along  which 
line  the  hours  may  be  numbered  ;  and  CM  being 
fet  perpendicular  to  the  horizon,  the  dial  will  have 
its  true  pofition. 

5.  If  the  plane  of  the  dial  had  declined  by  an 
equal  angle  toward  the  eaft,  its  defcription  would 
have  differed  only  in  this,  that  the  hour* line  of 
Xll  would  have  fallen  on  the  other  fde  of  the 

fubftile 
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fubftile  CZ/,  and  the  line  HO  would  have  a  Tub- 
contrary  pofitioi)  to  what  it  has  in  this  figure. 

6.  And  thefe  two  dials,  with  the  upper  points 
of  their  ftiles  turned  toward  the  north  pole,  will 
ferve  for  other  two  planes  parallel  to  them  ;  the 
one  declining  from  the  north  toward  the  eaft,  and 
the  other  from  the  north  toward  the  weft,  by  the 
fame  quantity  of  angle.  The  like  holds  true  of 
all  dials  in  general,  whatever  be  their  declination, 
and  obliquity  of  their  planes  to  the  horizon. 


CASE  IL 


3-  '7.  If  the  plane  of  the  dial  not  only  declines^  but 

alfo  reclines^  or  inclines,  Suppofe  its  declination 
from  fronting  the  fouth  iS,  be  equal  to  the  arc  SD 
on  the  horizon  ^  and  its  reclination  be  equal  to  the 
arc  D^,  of  the  vertical  circle  HZ:  then  it  is 
plain,  that  if  the  quadrant  of  altitude  ZdH^  on 
the  globe,  cuts  the  point  in  the  horizon,  and 
the  reclination  is  counted  upon  the  quadrant  from 
D  to  d\  the  interfedion  of  the  hour-circle  PRd^ 
with  the  equinodfial  will  determine  Rdy 

the  latitude  of  the  place  d^  whofe  horizon  is  pa¬ 
rallel  to  the  given  plane  at  Z  ;  and  A  ^  will  be  the 
'  difference  in  longitude  of  the  planes  at  d  and  Z. 

Trigonometrically  thus  :  let  a  great  circle  pafs 
through  the  three  points,  IV,,  d^  E  •,  and  in  the 
triangle  WDd,,  right  angled  at  I),  the  Tides  WD 
and  Hd  are  given;  and  thence  the  angle  HIVd 
is  found,  and  To  is  the  hypothenufe  W d.  Again, 
the  difference,  or  the  Turn,  of  DlVd^  and  HIVR 

the 


\ 
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the  elevation  of  the  equinodtial  above  the  horizon 
of  Z,  gives  the  angle  dWR\  and  the  hypothe- 
j  nufe  of  the  triangle  WRd^  was  juft  now  found: 
j  whence  the  Tides  Rd  and  are  found,  the  for- 
mer  being  the  latitude  of  the  place  J,  and  the  lat- 
I  ter  the  complement  of  id  ^  the  difference  of  lon¬ 
gitude  fought. 

'  .  Thus,  if  the  latitude  of  the  place  Z  be  52®  10^ 
north,  the  declination  dZ)  of  the  plane  Zi>  (which 
I  would  be  horizontal  at  be  36°,  and  the  reclina- 
I  tion  be  15°,  or  equal  to  the  arc  Di ;  the  fouth 
latitude  of  the  place  i,  that  is,  the  arc  idi,  will 
'  be  15®  9';  and  id^  the  difference  of  longitude 
i  36°  1! .  From  theft  data  therefDre,  let  the  dial 
(Fig.  4.)  be  delcribed ;  as  in  the  former  example. 

8.  Only  it  is  to  be  obftrved,  that  in  reclining 
or  inclining  dials,  the  horizontal  line  will  not  ftand 
at  right  angles  to  the  hour-line  of  XII,  as  in  eredt 
dials;  but  its  pofition  may  be  found  as  follows. 

I  To  the  common  fubftilar  line  CXL,  on  which  Fi 
the  dial  for  the  place  d  was  deferibed,  draw  the 
dial  Crpm  12  for  the  place  Z),  whoft  declination 
is  the  fame  as  that  of  d  (viz,  the  arc  SD) :  and 
,  Z/0,  perpendicular  to'  Cm  the  hour-line  of  XII 
on  this  dial,  will  be  a  horizontal  line  on  the  dial 
C P RM  For,  the  declination  of  both  dials 

being  the  fame,  the  horizontal  line  remains  pa- 
’  rallel  to  itfelf,  while  the  eredf  pofition  of  one  dial 
'  is  reclined,  or  inclined,  with  refpedl;  to  the  pofition 
!  of  the  other. 

I  Or,  the  pofition  of  the  dial  may  be  found  by  ap¬ 
plying  it  to  its  plane,  lb  as  to  mark  the  true  hour 
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of  the  day  by  the  fun,  as  fhewn  by  another  dial ; 
or  by  a  clock,  regulated  by  a  true  meridian  line 
and  equation  table. 

9.  There  are  feveral  other  things  neceffary  in 
the  pra6lice  of  dialing  *,  the  chief  of  which,  I  fhall 
give  in  the  form  of  arithmetical  rules,  fimple  and 
eafv  to  thofe  who  have  learnt  the  elements  of  tri- 
gonometry.  For,  in  practical  arts  of  this  kind, 
arithmetic  Ihould  be  ufed  as  far  as  it  can  go  ;  and 
fcales  never  trufted  to,  except  in  the  final  eon- 
llru6lion,  where  they  are  abfolutely  necefiary  in 
laying  down  the  calculated  hour-diftances,  on  the 
plane  of  the  dial.  And  although  the  inimitable 
artlils  of  this  metropolis  have  no  occafion  for  fuch 
infi:ru6tions,  yet  they  may  be  of  fome  life  to  fi:u» 
dents,  and  to  private  gentlemen  who  amufe  them” 
felves  this  way. 

■> 

RULE  I. 

^0  find  the  angles  which  the  hour-lines  on  any  dial 

make  with  the  fuhftile. 

To  the  logarithmic  fine  of  the  given  latitude, 
or  of  the  fiile’s  elevation  above  the  plane  of  the 
dial,  add'  the  logarithmic  tangent  of  the  ^  hour- 
diftance  from  the  meridian,  or  from  the  f  fubftile  •, 

*  That  is,  of  15,  30,  45,  60,  75°,  fbr  the  hours  of  I, 
II,  III,  nil,  V,  in  the  afternoon ;  and  XI,  X,  IX,  VIII, 
VII,  in  the  forenoon. 

*{-  In  all  horizontal  dials,  and  ereCl  north  or  fouth  dials, 
the  fubftile  and  meridian  are  the  fame :  but  in  all  declining 
jdials,  the  fubftile  line  makes  an  angle  with  the  meridian, 

and 
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and  the  fum  minus  radius  will  be  the  logarithmic 
tangent  of  the  angle  fought.- 

For,  in  Fig.  2.  KC  is  to  KM  in  the  ratio  com¬ 
pounded  of  the  ratio  of  KC  to  KG^  (—KR)  and 
of  KG  to  KM-,  which,  making  CK  the  radius 
10,000000,  or  10,0000,  or  10,  or  i,  are  the  ra¬ 
tio  of  10,000000,  or  of  10,0000,  or  of  10,  or 
of  I,  to  KG  X  KM, 

Thus,  in  a  horizontal  dial,  for  lat.  51°  30',  to 
find  the  angular  diftance  of  XI  in  the  forenoon, 
or  I  in  the  afternoon,  from  XIL 

To  the  log.  fine  of  51°  30""  9*^9354^ 

Add  the  log.  tang,  of  15°  o'  5.42805 

■!  ■■■I  mi  I  I  i» 

The  fum  “  radius  is  9.32 159  =the  lo¬ 

garithmic  tangent  of  ii®  50',  or  of  the  angle 
which  the  hour-line  of  XI  or  I  makes  with  the 
hour  of  XII. 

And  by  computing  in  this  manner,  v;kh  the  fine 
of  the  latitude,  and  the  tangents  of  30,  45,  60, 
and  75°,  for  the  hours  of  II,  III,  IIII,  and  V  in 
the  afternoon*,  or  of  X,  IX,  VIII,  and  VII  in  the 
forenoon  *,  you  will  find  their  angular  diftances 
from  XII  to  be  24°  18',  38°  3',  53®  35',  and  71® 
6';  which  are  all  that  there  is  occafion  to  com¬ 
pute  for.— -And  thefe  diftances  may  be  fet  off 
from  XII  by  a  line  of  chords  *,  or  rather,  by  taking 
1000  from  a  fcale  of  equal  parts,  and  felting  that 

*  In  which  cafe,  the  radius  CK  h  fuppofed  to  be  divided 
into  loooGOo  equal  parts. 
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extent  as  a  radius  from  C  to  XII ;  and  then^  taking 
209  of  the  fame  parts,  (which,  in  the  tables,  are 
the  natural  tangent  of  ii®  50O  and  fetting  them 
from  XII  to  XI  and  to  I,  on  the  line  ho^  which 
is  perpendicular  to  C  XII :  and  fo  for  the  reft  of 
the  hour-lines,  which,  in  the  table  of  natural  tan¬ 
gents,  againft  the  above  diftances,  are  451,  782, 
^355?  2920,  of  fuch  equal  parts  from  XII, 

as  the  radius  C  XII  contains  1000.  And  laftly, 
fet  off  1257  (the  natural  tangent  of  51®  30")  for 
the  angle  of  the  ftile’s  height,  which  is  equal  to 
the  latitude  of  the  plice. 

The  reafon  why  I  prefer  the  ufe  of  the  tabulate 
numbers,  and  of  a  fcale"  decimally  divided,  to  that 
of  the  line  of  chords,  is  becaufe  there  is  the  leaft 
chance  of  miftake  and  error  in  this  way  ;  and  like- 
wife,  becaufe  in  fome  cafes  it  gives  us  the  advan¬ 
tage  of  a  nonius*  divifion. 

In  the  univerfal  ring-dial,  for  inftance,  the  di- 
vifions  on  the  axis  are  the  tangents  of  the  angles 
of  the  fun’s  declination  placed  on  either  fide  of 
the  center.  But  inftead  of  laying  them  down 
from  a  line  of  tangents,  I  would  make  a  fcale  of 
equal  parts,  whereof  1000  ftiould  anfwer  exadly 
to  the  length  of  the  femi-axis,  from  the  center  to 
the  infide  of  the  equinoeftial  ring  *,  and  then  lay 
down  434  of  thefe  parts  toward  each  end  from  the 
center,  which  would  limit  all  the  divifions  on  the 
axis,  becaufe  434  are  the  natural  tangent  of  23® 
29^  And  thus,  by  a  nonius  affixed  to  the  Hiding 
piece,  and  taking  the  fun’s  declination  from  an 
ephemeris,  and  the  tangent  of  that  declination 

from 
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from  the  table  of  natural  tangents,  the  flider  might 
be  always  fet  true  to  within  two  minutes  of  a  de¬ 
gree. 

And  this  fcale  of  434  equal  parts  might  be 
placed  right  againft  the  23^  degrees  of  the  fun’s 
declination,  on  the  axis,  inftead  of  the  fun’s  place, 
which  is  there  of  very  little  ufe.  For  then,  the 
flider  might  be  fet  in  the  ufual  way,  to  the  day  of 
the  month,  for  common  ufe ;  but  to  the  natural 
tangent  of  the  declination,  when  great  accuracy  is 
required. 

The  like  may  be  done  wherever  a  fcale  of  fines 
or  tangents  is  required  on  any  inftrument, 

RULE  II. 

^he  latitude  ’of  the  pi  ace  ^  the  fun*  s  declination^  and 

his  hour-diftance  from  the  meridian^  being  given  \  to 
I  find  (i.)  his  altitude y  (2.)  bis  azimuth. 

» 

I.  Let  d  be  the  fun’s  place,  dR  his  declination Fig.  3. 
and  in  the  triangle  P  Zd^  Pd  the  fum,  or  the  dif¬ 
ference,  o^  dR  and  the  quadrant  PA,  being  given 
'  by  the  fuppofition,  as  alfo  the  complement  of  the 
I  latitude  PZ,  and  the  angle  dPZ  which  meafures- 
i  the  horary  diftance  of  d  from  the  meridian ;  we 
I  fhall  (by  Cale  4.  of  Keiir^  oblique  fpheric,  Tr.) 
i  find  the  bafe  Z  which  is  the  fun’s  diftance  from  / 
the  zenith,  or  the  complement  of  his  altitude. 

And  (2.)  As  fin.  Zd  :  fin.  Pd  ::  fin.  dPZ  : 

I  dZPj  or  of  its  fupplement  DZS^  the  azimuthal 
:  diftance  from  the  fouth. 


Or, 
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Or,  the  praftical  rule  may  be  as  follows. 

Write  A  for  the  fine  of  the  fun’s  altitude,  L  and 
/  for  the  fine  and  co-fine  of  the  latitude,  D  and  d 
for  the  fine  and  co-fine  of  the  fun’s  declination, 
and  H  for  the  fine  of  the  horary  diftance  from 

yi. 

Then  the  relation  oi  H  to  A  will  have  three  va¬ 
rieties. 

I.  When  the  declination  is  toward  the  elevated 
pole,  'and  the  hour  of  the  day  is  between  XII 
and  VI;  it  is  A^LB  \  Bid,  and  B~ 

Id  • 

#2.  When  the  hour  is  after  VI,  it  is  ^  ~  L  D 

—  Hid,  and7/=^P^. 

3.  When  the  declination  is  toward  the  deprefied 
pole;  we  have  A  —  Hid  •—  L  D,  and  H 

Id  '  ^ 

Which  theorems  will  be  found  ufeful,  and  ex-  ' 
peditious  enough,  for  folving  thofe  problems  in 
geography  and  dialing,  which  depend  on  the 
relation  of  the  fun’s  altitude  to  the  hour  of  the  day. 


EXAMPLE!. 

Suppofe  the  latitude  of  the  place  to  be  51I  de¬ 
grees  north  ;  the  time  five  hours  diftant  from  XII, 
that  is,  an  hour  after  fix  in  the  morning,  or  before 
VI  in  the  evening;  and  the  fun’s  declination  20® 
north.  Required  the  fun^s  altitude. 

Then, 
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Then,  to  log.  L,  =  log.  fin.  51°  30^ — 1.89354^ 
add  log. Z)^  —  log.  fin.  20°  oo- — i-534C>5 

Their  fnm  -  -  — ^1.42759 
gives  LZ),  =:  log.  0.267664,  in  the  natural  finest 
And,  to  log.  iZ,  r=::log.  fin.  'f  15°  00  • — *1.4130® 

add? =loS-fi"-i38°oo'^— 1.79415 
\  log.  z=z  log.  fin.  II  70°  00  ‘ — 1.97300  ’ 

Their  fum - 1.18015 

jives  Hld^  ~  log.  6.1514085  in  the  natural  fines* 

And  thefe  two  numbers  (0.267664  and  0.151408) 

Tiake  0.419072  =11:  /Z ;  which,  in  the  table,  is^he 
learefl  natural  fine  of  24°  47^  the  fun’s  altitude 
ought. 

p 

I  The  fame  hour-diflanee  being  alTumed  on  the 
:)ther  fide  of  VI,  then  LD  — ^  Hid  is  o.l  16256;, 

,he  fine  of  6°  40^  •,  which  is  the  fun’s  altitude  at 
in  the  morning,  or  VII  in  the  evening,  when  his 
orth  declination  i^  2d°. 

But  when  the  declination  is  20°  fouth  (or  towards 
he  deprefifed  pole)  the  difference  Hld> — LD  be- 
omes  negative,  and  thereby  fhews  that,  an  hour 
efore  VI  in  the  morning,  or  paft  VI  in  the  even- 
ig,  the  fun’s  center  is  6°  40!-^  below  the  horizon. 

*  Here  we  confider  the  radius  as  unity,  and  not  so.ooooos 
{  which,  inftead  of  the  index  9  we  have  —  i,  as  above  : 

Ihich  is  of  no  farther  ufe,  than  making  the  work  a  little  eahen 
;  f  The  diftance  of  one  hour  from  VI. 
i  J  The  co-latitude  of  the  place. 

[j  The  co-declination  of  the  fum. 

;  C  c  fi  X  A  M- 

I 

[I 
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EXAMPLE  II. 


In  the  fame  latitude  and  north  declinationj  from 

/ 

the  given  altitude  to  find  the  hour. 

Let  the  altitude  be  48°  j  and  becaufe,  in  this  cafe. 


H 


A'—LD 


Id, 


and^(the  natural  fine  of  48°)=:=.  743  145. 


and  LD^.z6^66^y  A’-^LD  will  be  0.475481: 
whofe  logarithmic  fine  is— 1.6771331 
from  which  taking  the  1 
log.  fine  of  /X  =  3 


1-767^354 


,  Remains  —  1.9099977  the  log.  fine 

of  the  hour-diflance  fought,  viz.  of  54°  22'^ 
which,  reduced  to  time,  is  3  hours  37-^  mih.  that 
is,  IX-h.  37^  m.  in  the  forenoon,  or  II  h.  22-^m. 
in  the  afternoon. 

Put  the  altitude  =  18%  whofe  natural  fine  is 
,3090170;  and  thence  — LD  will  be  =.0491953 ; 
which  divided  hy  I  xd,  gives  .07171 79,  the  fine  of 
4®  ofy  in  tirne  16^  minutes  nearly,  before  VI  in 
the  morning,  or  after  VI  in  the  evening,  when  the 
fun’s  altitude  is  18®. 

And,  if  the  declination  20°  had  been  towards 
the  fouth  pole,  the  fun  would  have  been  depreffed 
18°  below  the  horizon  at  16^  minutes  after  VI  in 
the  evening  ;  at  which  time,  the  twilight  would 
end  :  which  happens  about  the  2 2d  of  November, 
and  19th  of  January,  in  the  latitude  of  51-®  north. 
The  fame  way  may  the  end  of  twilight,  or  be¬ 
ginning  of  dawn,  be  found  for  any  time  of  the 
year, 

NOTE 


> 


V 
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N  O  T  E  I.  if  in  theorem  2  and  3  (pag.  384) 
A  is  put  =i  o,  and  the  s^alue  of  H  is  computed, 
We  have  the  hour  of  fun- riling  and  fetting^  for  any 
latitude,  and  time  of  the  year.  And  if  we  put 
/f  “  o,  and  compute  we  have  the  fun’s  alti¬ 
tude  or  deprelTion  at  the  hour  of  VL  And  lafily, 
if  //,  and  D,  are  given/ the  latitude  may  be 
jfound  by  the  refolution  of  a  quadratic  equation  ^  for 
l/m:  f  I . — 

NOTE  2.  When  A  is  equal  o,  H  is  equal 
=1  T,  L  X  T,  Z),  the  tangent  of  the  latitude 

|multiplied  by  the  tangent  of  the  declination. 

As,  if  it  was  required,  ^hat  is  the  greatefi  length 
vf  day  in  lat.  51°  30^  ? 

To  the  log.  tangent  of  51®  30^  -  -  0.0993948 
Add  the  log.  tangent  of  23®  29^  '■^1-63795^3 


3S7 


LD 

IT 


Their  fum  ^1.7373511 
|s  the  log.  fine  of  the  honr-difbance  33®  7/  in  time 
h.  12^  m.  The  longefl:  day  therefore  is  12  h. 

|ip  h.  25  m,  —  16  h.  25  m.  And  the  Ihorteft  day 
Is  12  h.  — “  4  h.  25  m.  =:  7  h.  35  m. 

And  if  the  longefl  day  is  given,  the  latitude  of 

he  place  is  found  \  being  equal  to  T,  L.  Thus, 

f  the  longefl  day  is  134  hours  “  2  X  6  h.  45  m. 
ind  45  minutes  in  time  being  equal  to  ii—de- 
rrees. 

From  the  log.  fine  of  11°  15^  *—1.2902357 
Take  the  log.  tang,  of  23®  29^  — 1.6379562 


Remains  —1.6522795 
pie  log.  tangent  of  lat  24®  1 

C  c  2 
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And  the  fame  way,  the  latitudes  where  the  fe- 
veral  geographical  climates  and  parallels  begin,  may 
be  found  ;  and  the  latitudes  of  places  -that  are 
affigned  in  authors  from  the  length  of  their  days, 
may  be  examined  and  corredled. 

NOTE  3.  The  fame  rule  for  finding  the 
longed:  day  in  a  given  latitude,  diflinguifhes  the 
hour- lines  that  are  neceffary  to  be  drawn  on  any 
dial,  from  thofe  which  would  be  fuperfluous. 

In  lat*  52®  10^,  the  longed:  day  is  16  h.  32  m. 
and  the  hour-lines  are  to  be  marked  from  44  m. 
after  III  in  the  morning,  to  16  m.  after  VIII  in  the 


evening. 


ii 


li 


In  the  fame  latitude,  let  the  dial  of  Art.  7.  Fig.  4. 
be  propofed  j  and  the  elevation  of  its  Itile  (or  the 
latitude  of  the  place  whofe  horizon  is  parallel  to 
the  plane  of  the  dial)  being  15®  9'  ^  the  lO'Oged  day 
at  that  is,  the  longed  time  that  the  fun  can 
illuminate  the  plane  of  the  dial,  will  (by  the  rule 
H  =  T,  L  X  T,  D)  be  twice  6  hours  27  minutes, 
=  12  h.  54  m.  The  difference  of  longitude  of 
the  planes  d  and  Z  was  found  in  the  fame  example 
to  be  36®  2  ;  in  time,  2  hours  24  minutes :  and 
the  declination  of  the  plane  was  from  the  fouth 
towards  the  wed.  Adding  therefore  2  h.  24  m. 
to  5  h.  3  ^  m.  the  earlied  fun-rifing  on  a  horizon¬ 
tal  dial  at  i,  the  fum  7  h.  57  m.  fhews  that  the 
morning  hours,  or  the  parallel  dial  at  Z,  ought  to 
begin  at  3  min.  before  VIII.  And  to  the  lateft 
funffetting  at  d^  which  is  6  h.  27  m.  adding  the 
feme  2  h.  24  m.  the  fum  8  h.  51  m.  exceeding  6  h.  j 
16  m.  the  lated  fun-fetting  at  Z,  by  35  m.  fhews 

'  that 
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that  none  of  the  afternoon  hour-lines  are  fuper- 
fiuous.  And  the  4  h.  13  m.  from  III  h.  44  m. 
the  fun-rifing  at  Z  to  VII  h.  57  m.  the  fun-rifing 
at  di  belong  to  the  other  face  of  the  dial :  that  is, 
to  a  dial  declining  36°  from  north  toeaft,  and  in¬ 
clining 

EXAMPLE  III. 

From  the  (d,rc\t  data  to  find  the  fun’s  azimuth. 

If  L,  and  D  are  given,  then  (by  Art.  2.  of 
Rule  II,)  from  H  having  found  the  altitude, 
and  its  complement  Z  d ;  and  the  arc  Pd  (the  di- 
fiance  from  the  pole)  being  given  *,  fay,  As  the 
Go-fine  of  the  altitude  is  to  the  fine  of  the  diftance 
from  the  pole,  fo  is  the  fine  of  the  hour- diftance 
from  the  meridian  to  the  fine  of  the  azimuth- 
diftance  from  the  meridian. 

Let  the  latitude  be  5 1°  30^  north,  the  declination 
15°  9^  fouth,  and  the  time  11  h.  24  m.  afternoon, 
when  the  fun  begins  to  illuminate  a  vertical  v/all  : 
and  it  is  required  to  find  the  pofition  of  the  wall. 

Then,  by  the  foregoing  theorems,  the  comple¬ 
ment  of  the  altitude  v/ill  be  81°  32^^,  and  Pd  the 
diftance  from  the  pole  being  109°  f  and  the  horary 
diftance  from  the  meridian,  or  the  angle  dP Z  36^. 
To  log.  fin.  74°  5  /  -  -  ' — 1.98464 
Add  log.  fin.  36°  Q  -  -  — 1.76922 


And  from  the  fum  -  -  - 
Take  the  log.  fin.  81°  32^ 


1.75386 

1.99525 


Remains  — 1.75S61  — log.fin. 
35®,  the  azimuth  diftance  fouth. 

C  c  3 
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When  the  altitude  is  given,  find  from  thence 
the  hour,  and  proceed  as  above.  , 

This  praxis  is  of  fingular  ufe  on  many  occafions  i 
in  finding  the  declination  of  vertical  planes  more 
exadly  than  in  the  common  way,  efpecially  if  the 
trail  fits  of  the  fun's  center  is  Gbierved  by  applying 
a  ruler  with  fights,  either  plain  or  telefcopical,  to 
the  wall  or  plane,  whofe  declination  is  required, — » 

Ib  drawing  a  meridian  line,  and  finding  the  mag¬ 
netic  variation. finding  the  bearings  of  places 
in  terreftrial  furveys  ;  the  tranfits  of  the  fun  over  '  !« 
any  place,  or  his  horizontal  diftance  from  it  being 
obfcrved,  together  with  the  altitude  and  hour. — 
And  thence  determining  fmall  differences  of  longi¬ 
tude. —  In  obferving  the  variation  at  fea,  &c. 

The  learned  Mr.  Andrew  invented  an  infiru-* 
ment  feverai  years  ago,  for  finding  the  latitude  at 
fea  from  two  altitudes  of  the  fun,  obferved  on  the 
fame  day,  and  the  interval  of  the  obfervations, 
meafured  by  a  common  watch.  And  this  inftru- 
ment,  whofe  only  fault  was  that  of  its  being  fome***  ’ 
what  expenfive,  was  made  by  Mr.  Jackfon*  Ta^ 
blcs  have  been  lately  computed  for  that  purpofe. 

But  we  may  often,  from  the  foregoing  rules,  re^^ 
fblve  the  fame  problem  without  much  trouble;  ef¬ 
pecially  if  we  fuppofe  the  mafter  of  the  fhip  to  know 
within  2  or  3  degrees  what  his  latitude  is.  Thus, 
Afilime  the  tv/o  neareft  probable  limits  of  the 

latitude,  and  by  the  theorem  H~  ?  compute 

the  hours  of  obfervation  for  both  fuppofitions. 

It  one  mterval  of  thofe  computed  hours  coincides 

with 
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f  with  the  interval  obferved,  the  queftlon  is  folved. 

[  If  not,  the  two  diftances  of  the  intervals  computed, 

1  from  the  true  interval,  will  give  a  proportional  part 
J  to  be  added  to,  or  fub traded  from,  one  of  the  la- 
j  titudes  afllimed.  And  if  more  exadnefs  is  required, 

J I  the  operation  may  be  repeated  with  the  latitude  al- 
1  ready  found. 

'  But  which  ever  way  the  queftion  is  folved,  a 
I  proper  allowance  is  to  be  made  for  the  difference  of 
I  latitude  arifing  from  the  fhip’s  courfe  in  the  time 
between  the  two  obfervations. 

Of  the  double  horizontal  dial ;  and  the  Bahy^ 

\  \  Ionian  and  Italian  dials. 

i 

To  the  gnomonic  projedion,  there  is  fometimes 
;  ^  added  a  Jlereographic  projedion  of  the  hour-circles, 
and  the  parallels  of  the  fun’s  declination,  on  the 
I  fame  horizontal  plane  ,  the  upright  fide  of  the  gno¬ 
mon  being  doped  into  an  edge,  Handing  perpendi- 
;!  culariy  over  the  center  of  the  projedion :  ib  that 
^the  dial,  being  in  its  due  pofition,  the  fliadow  of 
I  that  perpendicular  edge  is  a  vertical  circle  pafTing 
through  the  fun,  in  the  ftereographic  projedion. 

The  months  being  duly  marked  on  this  dial, 
the  fun’s  declination,  and  the  length  of  the  day 
at  any  time,  are  had  by  infpedion  j  (as  alfo  his  al¬ 
titude,  by  means  of  a  fcale  of  tangents).  But  its 
chief  property  is,  that  it  may  be  placed  true, 
[whenever  the  fun  fhines,  without  the  help  of  any 
I  other  inftrument. 

Let  d  be  the  fun’s  place  in  the  ftereographic  pro-  pig 
jedion,  Dcdyz  the  parallel  of  the  fun’s  declination, 

C  c  4  Zd 
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Z  d  vertical  circle  through  the  fun’s  center,  Pd 
the  hour-circle ;  and  it  is  evident,  that  the  diame¬ 
ter  NS  oi  this  proje6lion  being  placed  duly  north 
and  fouth,  thefe  three  circles  will  pafs  through  the 
point  d.  And  therefore,  to  give  the  dial  its  due 
pofition,  we  have  only  to  turn  its  gnomon  toward 
the  fun,  on  a  horizontal  plane,  until  the  hour  on 
the  common  gnompnie  projecftion  coincides  with 
that  marked, by  the 'hour-circle  Pi,  which  palTes 
through  the  interfedlion  of  the  fhadow  Z  d  with  the 
circle  of  the  fun’s  prefent  declination. 

The  Babylonian  and  Italian  dials  reckon  the  hours 
,not  from  the  meridian,  as  with  us,  but  from  the 
fup’s  rifing  and  fetting.  Thus,  in  Italy^  an  hour 
before  fun-fet  is  reckoned  the  23d  hour  *,  tw^o  hours 
before  fun-fet,  the  2 2d  hour;  and  fo  of  the  reff, 
And  the  fhadow  that  marks  them  on  the  hour-lines, 
is  that  of  the  point  of  a  ftile.  This  occafions  a 
perpetual  variation  between  their  dials  and  clocks, 
which  they  have  to  correct:  from  time  to  time,  be¬ 
fore  it  arifes  to  any  fenfible  quantity;  by  fetting 
their  clocks  fo  much  fafter  or  flower.  And  in 
Italy\  they  begin  their  day,  and  regulate  their 
clocks,  not  from  fun-fet,  but  from  about  mid¬ 
twilight,  when  the  ave  Maria  is  faid  ;  which  cor^ 
re6ls  the  difference  that  would  otherwife  be  between 
the  clock  and  the  dial. 

The  improvements  which  have  been  made  in  all 
fprts  of  inftruments  and  machines  for  meafurin^ 
time,  have  rendered  fuch  dials  of  little  account. 
Yet,  as  the  theory  of  them  is  ingenious,  and  they 
^re  really,  in  fome  refpedts,^  the  beft  contrived  of 
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ajiy  for  vulgar  ufe,  a  general  idea  of  their  defcrip- 
tion  may  not  be  unacceptable. 

Let  Fig.  5.  reprefent  an  eredl  diredl  fouth  wall,  pig.  5, 
on  which  a  Babylonian  dial  is  to  be  drawn,  fhev/ing 
the  hours  from  Fin-riling ;  the  latitude  of  the 
place,  whofe  horizon  is  parallel  to  the  wall,  being 
equal  to  the  angle  KCR,  Make,  as  for  a  common 
dial,  KG  =  KR  (which  is  perpendicular  to  C R) 
the  radius  of  the  equinodtiai  and  draw  RS 

perpendicular  to  CK  for  the  File  of  the  dial  ;  the 
lhadow  of  whofe  point  R  is  to  mark  the  hours^ 
when  SR  is  fet  upright  on  the  plane  of  the  dial. 

Then  it  is  evident  that,  in  the  contingent  line 
the  fpaces  Jfi,  ifz,  X3,  &c.  being  taken 
equal  to  the  tangents  of  the  hour-diftances  from  the 
meridian,  to  the  radius  K  G,  one,  two,  three.  See, 
hours  after  fun-rifmg,  on  the  equinoctial  day ; 
the  fhadow  of  the  point  R  will  be  found,  at  thefe 
times,  refpe6lively  in  the  points  i,  2,  3,  &c. 

Draw,  for  the  like  hours  after  fun-rifing,  when 
the  fun  is  in  the  tropic  of  capricorn  V?  the  like 
common  lines  CD,  CE,  CF,  See.  and  at  thofe 
hours  the  lhadow  of  the  point  R  will  be  found  in 
thofe  lines  refpeftively.  Find  the  fun’s  altitudes 
above  the  plane  of  the  dial  at  thefe  hours,  and  with 
their  co- tangents  Sd,  Se,  Sf,  See.  to  radius  SR, 
deferibe  arcs  interfedting  the  hour-lines  in  the 
points  d,  e,  /,  &c.  So  fliall  the  right  lines  id,  2e, 

3/,  See.  be  the  lines  of  I,  II,  III,  See.  hours  after 
fun-rifing. 

The  conftru6lion  is  the  fame  in  every  other  cafe, 
due  regard  being  h^d  to  the  difference  of  longitude 

Qf 
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of  the  place  at  which  the  dial  would  be  horizontal, 
and  the  place  for  which  it  is  to  ferve.  And  like- 
wife,  taking  care  to  draw  no  lines  but  what  are  ne- 
ceffary,  which  may  be  done  partly  by  the  rules 
already  given  for  determining  the  time  that  the  fun 
fhines  on  any  plane  %  and  partly  from  this,  that  on 
the  tropical  days,  the  hyperbola  defcribed  by  the 
lhadow  of  the  point  i?.,  limits  the  extent  of  all  the 
hour-lines. 

The  mofl:  ufeful  however,  as  well  as  tlie  fimpleft 
of  fuch  dials,  is  that  which  is  defcribed  on  the  two 
fides  of  a  meridian  plane. 

That  the  Babylonian  and  Italic  hours  are  truly 
enough  marked  by  right  lines,  is  eafily  Ihewn. 

'  Mark  the  three  points  on  a  globe,  where  the  horizon 
cuts  the  equinodlial,  and  the  two  tropics,  toward 
the  eail,  or  weft  *,  and  turn  the  globe  on  its  axis 
15°,  or  I  hour;  and  it  is  plain,  that  the  three 
points  which  were  in  a  great  circle  (viz.  the  hori¬ 
zon)  will  be  in  a  great  circle  ftill  ^  which  will  be 
projedled  geometrically  into  a  ftraight  line.  But 
thefe  three  points  are  univerfally  the  fun’s  places, 
one  hour  after  fun-fet  (or  one  hour  before  fun- rife)  on 
the  equinodtial  and  fofftitial  days.  The  like  is  true 
of  all  other  circles  of  declination,  befides  the  tro¬ 
pics  ;  and  therefore,  the  hours  on  fuch  dials  are 
truly  marked  by  ftraight  lines  limited  by  the  pro- 
jedlions  of  the  tropics;  and  which  are  rightly  drawn, 
as  in  the  foregoing  example. 

Note  I.  The  fame  dials  may  be  delineated 
without  the  hour-lines  CD,  CD,  CD,  &c.  by 
fetting  off  the  fun’s  azimuths  on  the  plane  of  the 

dial. 
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dial,  from  the  center  on  either  fide  of  the  fubftlle 
CSK,  and  the  correfponding  co-tangents  of  altitude 
from  the  fame  center  for  I,  II,  III,  &c.  hours 
before  or  after  the  fun  is  in  the  horizon  of  the 
place  for  which  the  diaj  is  to  ferve,  on  the  equi-* 
nodlial  and  folftitial  days. 

2.  One ,  of  thefe  dials  has  its  name  , from  the 
hours  being  reckoned  from  fun-rifing,  the  begin¬ 
ning  of  the  Bahylo'riian  day.  But  we  are  not  thence 
to  imagine  that  the  equal  hours,  which  it  Ibews, 
to  be  thofe  in  which  the  aftronomers  of  that  coun¬ 
try  marked  their  obfervations.  Thefe,  we  know 
with  certainty,  v/ere  unequal,  like  the  aa 

being  twelfth  parts  of  the  natural  day  :  and  an  hour 
of  the  night  was,  in  like  manner,  a  twelfth  part 
of  the  night ;  longer  or  fhorter  according  to  the 
feafon  of  the  year.  So  that  an  hour  of  the  day, 
and  an  hour  of  the  night,  at  the  fame  place,  would 
^  always  make  yt  24,  or  2  equinodlial  hours.  In 
Paleiline,  among  the  Romans,  and  in  feveral 
other  countries,  3  of  thefe  unequal  nodlurnal  hours 
were  a  vigilia  or  watch.  And  the  redudlion  of  equal 
.  and  unequal  hours  into  one  another,  is  extremely 
I  i  eafy.  If,  for  inftance,  it  is  found,  by  a  foregoing 
I  rule,  that  in  a  certain  latitude,  at' a  given  time  of 
I  ,  the  year,  the  length  of  a  day  is  14  equinodlial 
!  i  hours,  the  unequal  hour  is  then  or  of  an  hour, 
i  j  that  is,  70  minutes  *,  and  the  nocturnal  hour  is  50 
j  minutes.  The  firft  watch  begins  atVII  (funTet),  the  * 
j  fecond  at  three  times  50  minutes  after,  viz.  IX  h. 

,  30  m.  the  third  always  at  midnight  *,  the  morning 
^  W^tch  at  J  hour  pad  Ik 
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If'  it  were  required  to  draw  a  dial  for  fhcwing 
thefe  unequal  hours,  or  12th  parts  of  the  day ; 
wc  muft  take  as  many  declinations  of  the  fun  as 
are  thought  neceflary,  from  the  equator  towards 
each  tropic  :  and  having  computed  the  fun’s  alti¬ 
tude  and  azimuth  for  tV?  parts,  13 c,  of 
each  of  the  diurnal  arcs  belonging  to  the  declina¬ 
tions  alTumcd  :  by  thefe,  the  feveral  points  in  the 
circles  of  declination,  where  the  fhadow  of  the 
flile’s  point  falls,  are  determined  :  and  curve  lines 
drawn  through  the  points  of  an  homologous  di- 
vifion  will  be  the  hour-lines  required. 

Of  the  right  -placing  of  dials^  and  having  a  true 
meridian  line  for  the  regulating  of  clocks  and 
watches. 

The  plane  on  which  the  dial  is  to  reft  being 
-  duly  prepared,  and  every  thing  neceflfary  for  fix¬ 
ing  it  *,  you  may  find  the  hour  tolerably  exadt  by 
a  large  equino6lial  ring-dial,  and  fet  your  watch  to 
it.  And  then  the  dial  may  be  fixed  by  the  watch 
at  your  leifure. 

If  you  would  be  more  exacft,  take  the  fun’s  al¬ 
titude  by  a  good  quadrant,  noting  the  precife  time 
of  obfervation  by  a  clock  or  watch.  Then,  com¬ 
pute  the  time  for  the  altitude  obferved,  (by  the 
rule,  page  386)  and  fet  the  watch  to  agree  with 
that  time,  according  to  the  fun.  A  Hadlef%  qua¬ 
drant  is  very  convenient  for  this  purpofe  *,  for,  by 
it  you  may  take  the  angle  between  the  fun  and  his 
image,  refleded  from  a  bafon  of  water  j  the  half 

of 
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of  which  angle,  fubtrading  the  refraftion,  is  the 
altitude  required.  This  is  beft  done  in  fummer, 
and  the  nearer  the  fun  is  to  the  prime  vertical  (the 
eaft  or  weft  azimuth)  when  the  obfervation  is  made, 
fo  much  the  better. 

Or,  in  fummer,  take  two  equal  altitudes  of  the 
fun  in  the  fame  day  *,  one  any  time  between  7  and 
10  o’clock  in  the  morning,  the  other  between  2 
and  5  in  the  afternoon  ;  noting  the  moments  of 
thefe  two  obfervations  by  a  clock  or  watch  :  and 
if  the  watch  fhews  the  obfervations  to  be  at  equal 
.diftances  from  noon,  it  agrees  exadlly  with  the 
fun :  if  nor,  the  watch  mu  ft  be  corredted  by  half 
the  difference  of  the  forenoon  and  afternoon  in¬ 
tervals  ;  and  then  the  dial  may  be  fet  true  by  the 
watch. 

Thus,  for  example,  fuppofe  you  had  taken  the 
fun’s  altitude  when  it  was  20  minutes  paft  VIII  in 
the  morning  by  the  watch  ;  and  found  by  obferving 
in  the  afternoon,  that  the  fun  had  the  fame  alti¬ 
tude  10  minutes  before  IIII ,  then  it  is  plain,  that 
the  watch  was  5  minutes  too  fail  for  the  fun  :  for 
5  minutes  after  XII  is  the  middle  time  between 
VIII  h.  20  m.  in  the  morning,  and  III  h.  50  m. 
in  the  afternoon  •,  and  therefore,  to  make  the  watch 
agree  with  the  fun,  it  muft  be  fet  back  five  mi¬ 
nutes. 

A  good  meridian  line^  for  regulating  clocks  or  A  mendlm 
watches,  may  be  had  by  the  following  method. 

Make  a  round  hole,  almoft  a  quarter  of  an  inch 
diameter,  in  a  thin  plate  of  metal  \  and  fix  the 
plate  in  the  top  of  a  fouth  window,  in  fuch  a  man¬ 
ner^ 
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ner,  that  it  may  recline  from  the  zenith  at  an  aii<^ 
gle  equal  to  the  co- latitude  of  your  place,  as 
nearly  as  you  can  guefs :  for  then,  the  plate  will 
face  the  fun  dire6i:ly  at  noon  on  the  equinodlial 
days.  Let  the  fun  fhine  freely  through  the  hole 
into  the  room  ;  and  hang  a  plumb-line  to  the  del¬ 
ing  of  the  room,  at  leaft  five  or  fix  feet  from  the 
window,  in  fuch  a  place  as  that  the  fun’s  rays,  tranf- 
mitted  through  the  hole,  may  fall  upon  the  line 
when  it  is  noon  by  the  clock  ^  and  having  marked 
the  faid  place  on  the  deling,  take  away  the  line. 

Having  adjufted  a  Hiding  bar  to  a  dove-tail 
groove,  in  a  piece  of  wood  about  1 8  inches  long, 
and  fixed  a  hook  into  the  middle  of  the  bar,  nail 
the  .wood  to  the  abovementioned  place  on  the 
cieling,  parallel  to  the  fide  of  the  room  in  which 
the, window  is:  the  groove  and  bar  being  towards 
the  floor.  Then,  hang  the  plumb-line  upon  the 
hook  in  the  bar,  the  weight  or  plummet  reaching 
almofl:  to  the  floor  •,  and  the  whole  will  be  pre¬ 
pared  for  farther  and  proper  adjuftment. 

This  done,  find  the  true  folar  time  by  either  of 
the  two  laifl  methods,  and  thereby  regulate  your 
clock.  -  Then,  at  the  moment  of  next  noon  by 
the  clock,  when  the  fun  fhines,  move  the  Aiding  bar 
in  the  groove  until  the  fliadow  of  the  plumb-line 
bifeds  the  image  of  the  fuu  (made  by  his  rays 
tranfmitted  through  the  hole)  on  the  floor,  wall, 
or  on  a  white  fcreen  placed  on  the  north  fide  of 
the  line  ;  the  plummet  or  weight  at  the  end  of  the 
line  hanging  freely  in  a  pale  of  water  placed  below 
it  on  the  floor.~But  becaufe  this  may  not  be  quite 

corredt 
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Hew  to  make  a  meridian  line. 

correfl:  for  the  firft  time,  becaufe  the  plummet  will 
not  I'ettle  immediately,  even  in  water;  it  may  be  far¬ 
ther  correcled  on  the  following  days,  by  the  above 
method,  with  the  fun  and  clock ;  and  fo  brought 
to  a  very  great  exadfnefs. 

N.  B.  The  rays  tranfmitted  through  the  hole 
will  call  but  a  faint  image  of  the  fun,  even  on  a 
white  fereen,  unlefs  the  room  be  fo  darkened  that 
no  fun-fhine  may  be  allowed  to  enter,  but  what 
comes  through  the  frnall  hole  in  the  plate.  And 
always,  for  fome  time  before  the  obfervation  is 
made,  the  plummet  ought  to  be  immerfed  in  a  jar 
of  water,  where  it  may  hang  freely ;  by  which 
means  the  line  will  foon  become  fteady,  which 
otherwife  would  be  apt  to  continue  fwinging. 

As  this  meridian  line  will  not  only  be  fufficient 
for  regulating  of  clocks  and  watches  to  the  true 
mean  time  by  equation  tables,  but  alfo  for  moft 
aftronomical  purpofes,  I  fhall  fay  nothing  of  the 
magnificent  and  expenfive  meridian  lines  at  Bologna 
and  Rome^  nor  of  the  better  methods  by  which 
aftronomers  obferve  precifely  the  tranfits  of  the 
heavenly  bodies  on  the  meridian. 

L  E  C  T.  XL 

Shewing  ho^  to  calculate  the  mean  time  of  any  new 
or  full  mooUy  or  eclipfey  from  the  creation  of  the 
world  to  the  year  of  CHRIST,  5800. 

IN  computing  the  following  tables  for  this  pur- 
pofe,  I  have  kept  to  the  mean  motions  in  Mr. 
Meyerh  celebrated  tables,  publilhed  in  the  Gottingen 

Tranf- 
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Tranfadions  ;  but  have  altered  the  form,  in  of* 
der  to  bring  them  into  as  ihort  a  compafs  as  pofr 
fible. 

PRECEPTS. 

( 

^0  find  the  mean  time  of  any  new  or  full  moon  in  any 

given  year  and  month  after  the  Chrijiian  .rEra, 

« 

t.  If  the  given  year  be  found  in  the  fecond 
column  of  the  'Tahle  of  the  moorits  mean  motion  from 
the  fun^  under  ^  the  title  years  before  and  after 
CHRIST;  write  out  that  year,  with  the  mean 
•  motions  belonging  to  it,  and  thereto  join  the  given 
month  with  its  mean  motions.  But,  if  the  given 
year  be  not  in  the  table,  take  out  the  next  lelTer 
one  to  it  that  you  find,  in  the  fame  column ;  and 
thereto  add  as  many  compleat  years^  as  will  make 
up  the  given  year  :  then,  join  the  given  month, 
and  all  the  refpedive  mean  motions. 

2.  Collect  thefe  mean  motions  into  one  fum  of 
figns,  degrees,  minutes,  and  feconds  ;  remember¬ 
ing,  that  6o  feconds  (^)  make  a  minute,  6o  mk 
nutes  (0  a  degree,  30  degrees  (°)  a  fign,  and  12 
figns  (®)  a  circle.  When  the  figns  exceed  12,  or 
24,  or  36,  (which  are  whole  circles)  rejed  them, 
and  fet  down  only  the  remainder  ;  which,  together 
with  the  odd  degrees,  minutes,  and  feconds  already 
fet  down,  mufl  be  reckoned  the  whole  fum  of  the 
colledlion. 

3.  Subtradl  the  refult  or  fum  of  this  collection, 
from  12  figns;  and  write  down  the  remainder, 

Then^ 


calculation  of  n^w  and  full  moons  ^  v. 
Then,  look  in  the  table,  under  days^  for  the  next 
lefs  mean  motions  to  this  remainder,  and  fubtradt 
them  from  it,  writing  down  their  remainder. 

This  done,  look  in  the  table  under  hours^  (marked 

H. )  for  the  next  lefs  mean  motions  to  this  laft  re¬ 
mainder,  and  fubtradt  them  from  it,  writing  down 
their  remainder. 

Then,  look  in  the  table  under  minutes^  (marked 
|M.)  for  the  next  lefs  mean  motions  to  this  remain¬ 
der,  and  fubtradl  them  from  it,  writing  down  their 
iremainder. 

/ 

Laftly^  look  in  the  table  under  fecondsy  (marked 

I. )  for  the  next  lefs  mean  motions  to  this  remain- 
ler,  cither  greater  or  lefs ;  and  againft  it  you  have 
the  fcconds  anfwering  thereto, 

4.  And  thefe  times  colleded,  will  give  the 
Iftiean  time  of  the  required  new  moon;  whidi  will 
)e  right  in  common  years,  and  alfo  in  January 
md  February  in  leap-years ;  but  always  one  day 
bo  late  in  leap-years  after  February. 
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EXAM. 


^he  calculation  of  new  and  full  moont. 

EXAMPLE  L 

Required  the  mean  time  of  new  moon  in  September 
1764  F  (a  year  not  inferted  in  the  table.) 

Moon  from  fun. 


To  the  year  after  Chrijl^s  birth  1753 

t 

10 

0 

9 

/ 

24 

// 

5^ 

Add  compleat  years  1 1 

0 

10 

14 

20 

(fum  1764) 

And  join  September  “ 

2 

22 

21 

7 

The  fum  of  thefe  mean  motions  is 

1 

12 

0 

23 

\Vhich,  being  fub.  from  a  circle,  or 

12 

0 

0 

0 

Leaves  remaining  —  —  — 

10 

17 

59 

37 

Next  lefs  mean  mot.  for  26  days,  fub. 

10 

16 

f 

57 

34 

And  there  remains  -r— 

1 

2 

3 

Next  lefs  mean  mot.  for  2  hours,  fub. 

I 

0 

57 

And  the  remainder  will  be 

1 

6 

Next  lefs  mean  mot,  for  2  min.  fub. 

1 

•  I 

Remains  the  mean  mot.  of  12  fee. 

5 

Thefe  tim^s,  being  cpllefted,  would  fhew  the’ 
mean  time  of  the  required  new  moon  in  September 
1764,  to  be  on  the  26th  day,  at  2  hours  2  min. 
12  fee.  paft  noon.  But,  as  it  is  in  a  leap-year,  and 
after  February,  the  time  is  one  day  tpo  late.  So, 
the  true  mean  time  is  Sept,  the  25th,  at  2  m.  12  fee# 
paft  II  in  the  afternoon. 

iV.  5.  The  tables  always  begin  the  day  at  noon, 
and  reekon  thence  forward,  to  the  noon  of  the  day 
following.  To 


uhe  calculation  of  new  and  full  moom. 

« 

^0  find  the  mean  tune  of  full  moon  in  any  given  year 
and  month  after  the  Chriftian  Mra. 

Having  col]et5led  the  moon’s  mean  motion  from 

the  fun  for  the  beginning  of  the  given  year  and 
I  month,  and  fubtradled  their  fum  from  12  figns,  (as 
I  in  the  former  e^jample)  add  6  figns  to  the  remainder, 

I  and  then  proceed  in  all  relpeds  as  above*  '  ' 

EXAMPLE  11. 

Required  the  mean  time  of  full  moon  in  September  1764? 

I  Moon  from  fun* 

10/// 

To  the  year  after  birth.  1 753  10  92456 

I  Add  compleat  years  — -  1 1  o  lo  14  20 

I  (lum  1764) 

I  And  join  September  —  2  22  21  7 


i  .  ,  , 

1  The  fum  of  thefe  mean  motioris  is 

1 

12 

0 

23 

1  Which,  being  fubtr.  from  a  cirelcj  or 

12 

0 

0 

0 

^  Leaves  remaining  —  — 

10 

17 

59 

37 

To  which  remainder  add  — 

6 

0 

0 

0 

j  And  the  fum  will  be  ~  ~ 

4 

17 

59 

37 

Next  lefs  mean  mot.  for  1 1  days,  fubt. 

4 

14 

5 

54 

And  there  rerhains  - —  — 

3 

53 

43 

Next  lefs  mean  mot.  for  7  hours,  fubtr. 

3 

33 

20 

And  the  remainder  will  be  — 

20 

23 

1  Next  lefs  mean  mot.  for  40  min.  fubt. 

20 

19 

Remains  the  mean  mot*  for  8  fee. 

k  fi 

4 

D  d  2  So, 
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i 
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Soi  the  mean  time,  according  to  the  tables,  Is 
the  iith  of  September,  at  7  hours,  40  min.  8  fee. 
paftnoon*  One  day  too  late,  being  after  February 
in  a  leap-year. 

And  thus  may  the  mean  time  of  any  new  or 
full  moon  be  found,  in  any  year  after  the  Chriftian 
iEra. 

^0  find  the  mean,  time  of  new  or  full  moon  in  an^ 

given  year  and  month  before  the  Chriftian  JEra, 

If  the  given  year  before  the  year  of  CHRIST 
1  be  found  in  the  fecond  column  of  the  table,  un¬ 
der  the  title  years  before  and  after  CHRIST, 
write  it  out,  together  with  the  given  month,  and 
join  the  mean  motions.  But,  if  the  given  year 
be  not  in  the  table,  take  out  the  next  greater  one 
to  it  that  you  find ;  which  being  ftill  farther  back 
than  the  given  year,  add  as  many  compleat  years 
to  it  as  will  bring  the  time  forward  to  the  given 
year  :  then  join  the  month,  and  proceed  in  all  re- 
fpedls  as  above. 

EXAMPLE  III. 

Required  the  mean  time  of  new  moon  in  May^  the 

year  before  Chrift  585  ? 

The  next  greater  year  in  the  table  is  foo ; 
which  being  15  years  before  the  given  year,  add  the 
mean  motions  for  1 5  years  to  thofe  of  600,  toge¬ 
ther  with  thofe  for  the  beginning  of  May. 


To 
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Moon  from  fun. 


To  the  year  before  Chrifi  600 
Add  compleat  years  mot.  1 5 
And  the  mean  motions  for  May 

The  whole  fum  is  —  — 


I  Leaves  remaining  —  ■ — *  •— 

[Next  lefs  mean  mot.  for  29  days,  fub. 

And  there  remains  —  — 

|?Next  lefs  mean  mot.  for  2  hours,  fub. 

p 

And  the  remainder  will  be  — - 
I^Next  lefs  mean  mot.  for  3  min.  fub. 

.em.  the  mean  mot.  of  14  feconds 


so  /  // 

5  II  6  16 

6  o  55  24 
o  22  53  23 


0 

4  55  3 

12 

000 

II 

25  4  57 

I  I 

23  31 54 

1 33  3 

I  31  26 

2  37 

1 31 

6 

/ 

So,  the  mean  time,  by  the  tables,  was  the  29th 
rf  May,  at  3  hours,  3  min.  14  fee.  paft  noon.  A 
Jay  later  than  the  truth,  on  account  of  its  being 
n  a  leap-year.  For,  as  the  year  of  CHRIST  i 
vas  the  firft  after  a  leap-year,  the  year  585  before 
he  year  i  was  a  leap-year,  of  courfe* 

If  the  given  year  be  after  the  Chriftian  Alra,  di- 
nde  its  date  by  4,  and  if  nothing  remains,  it  is  a, 
eap-year  in  the  old  ftyle.  But  if  the  given  year 
vas  before  the  Chriftian  JEra,y  (or  year  of  CHRIST 
p  fubtradt  one  from  its  date,  and  divide  the  re- 
nainder  by  4*,  then,  if  nothing  remains,  it  was  a 
ap-yearj  otherwife,  not. 

D  d  3  Ta 
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'The  calculathn  of  eclipfes. 


To  find  whether  the  fun  is  eclipfed  at  the  time  of  any 
given  change^  or  the  moon  at  any  given  full. 


Qf  eclipfes.  From  the  Table  of  the  full's  mean  motion^  (or 
diftance)  from  the  moon's  afcending  node^  colled:  the 
mean  motions  anfwering  to  the  given  tinie  ;  and 
if  the  refult  fhews  the  fun  to  be  within  i8  degrees 
of  either  of  the  nodes  at  the  time  of  new  moon, 
the  fun  will  be  eclipfed  at  that  time.  Or,  if  the 
refult  fhews  the  fun  to  be  within  1 2  degrees  of  ei¬ 
ther  of  the  nodes  at  the  time  of  full  moon,  ’th^ 
rnoon  will  be  eclipfed  at  that  time,  near  the  con*- 
trajy  node  :  otherwife  riot. 


EXAMPLE  IV. 

The  moon  changes  on  the  26th  of  September  1764,  at 
2  h,  2  m:  (negleSiing  the  feconds)  after  noon,  (See 
/  Example  I.)  Whether  the  fun  will  be  eclip^ 

fed  at  that  time  ? 

Sun  from  node^ 

so/// 

To  the  year  after  Chrifi's  birth  1 753  128  o  ig 

Add  compleat  years  - -  1 1  7225^ 

(fum  1764) 

r  September  —  —  —  81222  49 

And)  27  o  13 

I  2  hours  — -  —  ■ — •  —  512 

L  2  minutes  —  _  —  ^ 

fc-",-  I  ... 

Sun’s  diftapee  from  the  afeend,  node  6  9  32  34 

Now, 
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•  Now,  as  the  defcending  node  is  juft  oppofite 
the  afcending,  (viz,  6  figns  diftant  from  it)  and 
the  tables  fhew  only  how  far  the  fun  has  gone  frona 
the  afcending  node,  which,  by  this  example,  ap¬ 
pears  to  be  6  figns,  9  deg.  32  min.  34  fee.  it  is  plain 
that  he  muft  be  eclipfed  *,  being  then  only  f  32^ 

'  34^^  fliort  of  the  defcending  node* 


EXAMPLE  V. 

^he  moon  will  he  full  on  the  iith  of  September  17614^. 
at  7  hours  40  min.  pafi  noon.  (See  Example  IL) 
IVh ether  Jhe  will  be  eclipfed  at  that  time  f 

Sun  from  node. 


To  the  year  after  Chriji^s  birth  1753 
Add  compleat  years  — — 

(fum  1764; 


And 


r  September 
\  II  days  - 
i  7  hours 
L40  minutes 


so/// 
I  28  O  19 

7  2  3  56 

8  12  22  49 
II  25  29 

18  II 
I  44- 


Sun’s  diftance  from  the  afc.  node  5  24  12  28 


Which  being  fubtraded  from  6  figns,  leaves  only 
47'  remaining  :  and  this  being  all  the  fpace 
that  the  fun  is  fliort  of  the  defcending  node,  it  is 
plain  that  the  moon  muft  then  be  eclipfed,  be- 
caufe  flie  is  no  farther  from  the  contrary  node. 

EXAM- 
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7he  calculation  of  eeUpfes, 


EXAMPLE  VI. 

Whether  the  fun  was  eclipfed  in  May^  the  year 
CHRIST  58.5?  (See  Example  Ill.) 

Sun  from  node. 

to/// 

To  the  year  before  Chrijl  600  —  9  9  23  51 

Add  the  mean  mot.  of  15  gompl.  years  9  19  27  49 
^May  —  —  —  4  4  37  57 

And  \  - -  -  —  I  o  7  IQ 

I  3  hours  —  —  7  48 

L  3  min.  (negledling  the  feconds)  8 


Sun’s  diftance  from  the  afc.  node 


o  3  44  48 


eciipfe. 


When 
ec 

happen 


Which*  being  lefs  than  18  degrees,  fliews  that 
the  fun  was  eclipfed  at  that  time. 

This  eciipfe  was  foretold  by  "J^hales^  and  appears 
to  be  the  eciipfe  which  put  an  end  to  the  war  be¬ 
tween  the  Medes  and  Lydians. 

The  times  of  the  fun^s  conjunction  with  the  nodes ^ 
confequently  the  eclipfe-months  of  any  given 
year,  are  eafily  found  by  the  ^ahleof  the  fun's  mean 
motion  from  the  moon's  afeending  node  *,  and  much  in 
the  fame  way  as  the  roean  conjundlions  of  the  fun 
and  moon  are  found  by  the  table  of  the  moon’s 
mean  motion  from  the  fun.  For,  collefb  the  fim’s 
mean  motion  (which  is  the  fame  as  his  diftance 
gone)  from  the  moon’s  afeending  node,  for  the  be¬ 
ginning  of  any  given  year^  and  fubtraft  it  from  1 2 

figns  ^ 
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figns  ;  then,  from  the  remainder,  fubtradt  the  next 
lefs  mean  motions  belonging  to  whatever  month 
find  them  in  the  table ;  and  from  their  remainder 
fubtradl  the  next  lefs  mean  motions  for  daysy  and 
fo  on  for  hours  and  minutes :  the  refult  of  all  which 
will  fhew  the  time  of  the  fun’s  mean  conjundlion 
with  the  afcending  node  of  the  moon’s  orbit. 


EXAMPLE  VII. 


Required  the  time  of  the  fun^s  conjunction  with  the 
afcending  node  in  the  year  1764  ? 


Sun  from  node. 
«  /.  // 

To  the  year  after  C^r//2’s  birth  1753  i  28  o  19 

jAdd  compleat  years  11  7  2  3  56 


Mean  did.  at  begin,  of  A.  D.  1764  9  o  4  15 
Subtr.  this  diftance  from  a  circle,  or  12  o  o  o 


And  there  remains  —  —  v--  '  2  29  55  45 

Next  lefs  mean  motion  for  March  fubt.  2  1  16  39 

And  the  remainder  will  be  —  028396 

Next  lefs  mean  mot.  for  27  days,  fubt.  028  232 

And  there  remains  ?  3^  34 

Next  lefs  mean  mot.  fpr  14  hours,  fubt.  3621 

Rem.  (nearly)  the  mean  mpt.  of  5  min ,  13 

Hence  it  appears,  that  the  fun  will  pafs  by  the 
moon’s  afcending  node  on  the  27th  pf  March,  at  14 

I  hours 


\ 


The  period  and  return  of  eclipfes. 

hours  5  minutes  paft  noon  ;  viz.  on  the  28th  day 5^ 
at  5  minutes  after  II  in  the  morning,  according  to 
the  tables  :  but  this  being  in  a  leap-year,  and  after 
February,  the  time  is  one  day  too  late.  Confe- 
quently,  the  true  time  is  at  5  minutes  paft  II  in  the 
morning  on  the  27th  day  ;  at  which  rime,  the  de- 
fcending  node  will  be  diredlly  oppofite  to  the  fun. 

If  6  figns  be  added  to  the  remainder  arifing 
from  the  firft  fubtra6lion,  {viz.  from  12  figns)  and 
then  the  work  carried  on  as  in  the  laft  example,  the 
tefult  will  give  the  mean  time  of  the  fun’s  con- 
jundion  with  the  defeending  node.  Thus  in 

EXAMPLE  VIII. 

Let  it  he  required  to  find  when  the  fun  will  he  in  con¬ 
junction  with  the  defeending  node  in  the  year  1764? 

Sun  from  node. 


To  the  year  after  Chrifi’s  birth 

1753 

s 

I 

0 

28 

/ 

0 

// 

'^9 

Add  compleat  years  ”  — 

1 1 

,7 

2 

J 

5^ 

Mean  dift.  fr.  afc.  nod.  at  beg.  of 

1764 

9 

0 

4 

*5 

Subtr.  this  diftance  from  a  circle,  or 

12 

0 

y 

0 

0 

And  the  remainder  will  be' 

— 

2 

29 

55 

45 

To  which  add  half  a  circle,  or 

— 

6 

0 

0 

0 

And  the  fum  will  be  “ 

— 

8 

29 

55 

45 

Next  lefs  mean  mot.  for  Septemb, 

,  fubt. 

8 

12 

22 

49 

And  there  remains  —  — 

— 

0 

17 

32 

5^ 

Next  lefs  mean  mot.  for  16  days. 

fubt. 

0 

16 

37 

4 

And  the  remainder  will  be 

55 

52 

Next  lefs  mean  mot.  for  2 1  hours. 

fubt. 

54 

32 

Rem.  (nearly)  the  mean  mot.  of  3 

I  min. 

I 

20 

So 
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So  that,  according  to  the  tables,  the  fun  will  be 
in  conjundtion  with  the  defcending  node  on  the  i6th 
of  September,  at  21  hours  31  minutes  paft  noon: 
one  day  later  than  the  truth,  on  account  of  the 
leap-year.  * 

When  the  moon  changes  within  18  days  before  The  limits 
or  after  the  fun’s  conjundtion  with  either  of 
nodes,  the  fun  will  be  eclipfed  at  that  change  : 
and  when  the  moon  is  full  within  12  days  before  or 
after  the  time  of  the  fun’s  conjundlion  with  either 
of  the  nodes,  flie  will  be  eclipfed  at  that  full  :* 
otherwife  not.  ‘  .  ■ 

If  to  the  mean  time  of  any  eclipfe,  either  of  Their  pe- 
the  fun  or  moon,  we  add  557  Julian  years,  2ire^tuLion, 
days,  18  hours,  ii  minutes,  and  51  feconds,  (in 
which  there  are  exaftly  6890  mean  lunations)  we 
lhall  have  the  mean  time  of  the  return  of  that 
eclipfe.  For,  at  the  end  of  that  time,  the  moon 
will  be  either  new  or  full,  according  as  we  add  it 
to  the  time  of  new  or  full  moon  and  the  fun  will 
be  only  farther  from  the  fame  node,  at  the  end 
of  the  fajd  time,  than  he  was  at  the  beginning  of 
it  as  appears  by  the  following  example 

The 

*  Dr.  Halley’s  period  of  eclipfes  contains  only  1 8  years, 

II  days,  7  hours,  43  minutes,  15  feconds ;  in  which  time,  ac¬ 
cording  to  his  tables,  there  are  juft  223  mean  lunations :  But, 
as  in  that  time,  the  fun’s  mean  motion  from  the  node  is  no 
more  than  1 29°  31^  *  which  wants  2%'  1 of  being  as 

nearly  in  conjundion  with  the  fame  node  at  the  end  of  the  pe¬ 
riod  as  it  was  at  the  beginning  ;  this  period  can  be  of  no  long 
duration  for  finding  eclipfes,  becaufe  it  will  in  time  fall  quite 
without  their  limits.  The  following  tables  make  this  period  3 1 

fecpn^^ 
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The  period  and  return  of  eclipfes. 


The  period. 

Moon  fr. 

fun. 

Sun  fr.  node 

$ 

0 

f 

// 

8  0 

/  // 

Compl.  \ 
years  ) 

500  — 

3 

5 

32 

47  — 

10  14 

45  8 

40  — 

8 

26 

50 

37  ~ 

I  23 

58  49 

17  — 

3 

2 

21 

39  — 

10  28 

40  55 

days 

21  — 

8 

16 

0 

21  “ 

21 

48  38 

hours 

18  — • 

9 

8 

35  — 

46  44 

minutes 

II  — 

5 

35  — 

29 

feconds 

51  — 

26 

2 

Mean  motions 

0 

0 

0 

0  — 

0  0 

0  45 

# 

And  this  period  is  fo  very  near,  that  in  6000 
years  it  will  vary  no  more  from  the  truth,  as  to 
the  rellitution  of  eclipfes,  than  8 minutes  of  a 
degree  *,  which  may  be  reckoned  next  to  nothing. 
It  is  the dhorteft  in  which,  after  many  trials,  I  can 
find  fo  near  a  co-incidence  of  the  fun,  moon,  and 
the  fame  node. 


31  feconds  fhorter,  as  appears  by  the  following  calculation. 


The  period. 

Moon  from  fun. 

Sun  from  node. 

Compl.  years  1 8 

s 

0 

/ 

// 

f  0 

/ 

// 

/ 

1 1 

59 

4  — 

■—11  17 

46 

iS 

days  11  - 

'4 

H 

5 

54 

—  1 1 

25 

29 

hours  7 - - 

3 

33 

20  — 

18 

1 1 

min.  42  — i 

7,1 

20 

I 

49 

fee.  44 - 

22  — 

z 

Mean  motions 

0 

0 

0 

0  — 

—  II  29 

31 

49 

This 


A  Table  of  mean  luitations. 

This  table  is  made  by  the  continual  addition  of  a  meafi  luna- 

6'" 


tion,  viz.  29**  12**  44"* 


Lun. 

Days. 

H. 

M. 

S. 

Th. 

I 

29 

1 2 

44 

6 

2 

I 

28 

6 

13 

3 

p  88 

H 

12 

9 

19 

4 

g  118 

2 

56 

12 

25 

5 

1*  H7 

15 

40 

15 

32 

6 

177 

4 

24 

18 

38 

7 

206 

*7 

8 

21 

44 

8 

236 

5 

52 

H 

51 

9 

265 

18 

36 

27 

57 

lo 

295 

7 

20 

3‘ 

3 

20 

590 

14 

41 

2 

7 

30 

885 

22 

1 

33 

II 

40 

1181 

5 

22 

4 

H 

50 

1476 

12 

42 

35 

18 

100 

2953 

1 

25 

10 

35 

200 

5906 

2 

50 

21 

1 1 

300 

8859 

4 

3* 

46 

400 

11812 

5 

40 

42 

22 

500 

14765 

7 

5 

52 

57 

1000 

29530 

14 

1 1 

45 

54 

2000 

59061 

4 

23 

31 

48 

3000 

88591 

18 

35 

17 

42 

4000 

118122 

8 

47 

3 

36 

5000 

147652 

22 

58 

49 

30 

loooo 

295305 

21 

57 

39 

0 

20000 

590611 

19 

55 

18 

0 

30000 

885917 

17 

52 

57 

0 

40000 

1181223 

15 

50 

3^ 

0 

50000 

1476529 

13 

48 

15 

0 

100000 

2953059 

3 

36 

30 

0 

Having  by  tKe  for¬ 
mer  precepts  computed 
the  mean  time  of  new 
moon  in  January,  for 
any  given  year,  it  is 
eafy  by  this  Table  to 
find  the  mean  time  of 
new  moon  in  January 
for  any  number  of 
years  afterward  ;  and 
by  means  of  a  fmall  table  of  lunations  for  1 2  or  13  months, 
to  make  a  general  table  for  finding  the  mean  time  of  new  or 


In  100000  mean  lu¬ 
nations,  there  are  8083 
Julian  years,  12  days, 
21  hours,  36  minutes, 
30  feconds  2953059 
days,  3  hours,  36  mi¬ 
nutes,  30  feconds. 

Proof  of  the  Table, 


In 

"g  ^  4000 
4000 
80 


H 

a  I 

-  L 

Days 

Hours 

Min. 

Sec. 


5 

1 2 

21 

36 

30 


M.  fr.  fun 


Moon  fr.  fun 

toff/ 

I  14  22  12 
I  14  22  12 

5  23  4* 

10  o  18  28 
4  26  17  20 
10  40  1 
18  17 

_  ^5 

0000 


full  moon  in  any  given  year 

and  month  whatever. 
D.  H.  M.  S. 

Th. 

In  1 1  lunations  there  are  324 

20 

4 

34 

10. 

In  12  lunations  - 

354 

8 

48 

37 

16. 

In  13  lunations  - 

383 

21 

32 

40 

23- 

But  then  it  would  be  bed  to  begin  the  year  with  March,  to  avoid 
the  inconvenience  of  lofing  a  day  by  millake  in  leap-year. 
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A  Table  of  the  tftoon^s 


mean 


[Julian  I 

I  peri¬ 
od. 


Years  bef. 
and  after 
Christ. 


<u  / 

ooo 


>  loi 

?  301 


Moon  from  fun. 
*  o  /  // 

I  17 

33  24 

28  5^ 

34  3^ 

40  3 

4^  36 

53  9 

59  43 
6  16 

18  13  4g 

25  -  19  23 


9  29 


6514 


^  1001 

1 

4 

51 

c 

,  w  1701 

0 

24 

37 

4 

•  *753 

10 

9 

24 

5^ 

1801 

6 

5 

26 

I  ( 

Compleat 

Moon  from  fun. 

years. 

c 

0 

/ 

CO  •  t 

4 

9 

37. 

<u  'O  2 

8 

*9 

H 

4^ 

C  •T3  3 

C3 

0 

28 

52 

13 

•S  Lo  4 

'a  ^  ^ 

5 

20 

4f 

4 

5 

10 

0 

18 

28 

Com¬ 

pleat 

years 

Moon  from  fua. 

■  ®  •  ^  // 

1 1 

0 

10 

14 

20 

I2 

5 

2 

3 

1 1 

J3 

9 

1 1 

4<^ 

35 

14 

I 

21 

18 

0 

6 

0 

55 

24 

16 

10 

22 

44 

15 

17 

3 

2 

21 

39 

18 

7 

1 1 

59 

4 

19 

i  1 

2 1 

3^ 

27 

20 

4 

*3 

25 

19 

40 

8 

26 

5^ 

37 

60 

1 

10 

J5 

56 

80 

5 

23 

4* 

^5 

100 

10 

7 

6 

33 

200 

8 

14 

13 

7 

300 

*6 

21 

19 

40 

400 

4 

28 

26 

^3 

500 

3 

5 

32 

47 

1 000 

6 

1 1 

5 

33 

2000 

0 

22 

1 1 

6 

3000 

7 

3 

16 

39 

40C0 

I 

14 

22 

1 2 

Months 

Moon  from  fun. 

'' 

®  0  > 

/  // 

<u 

rXj  4-) 


motion  front  the  Juft. 


Moon  from  fun. 

Moon  from  fun. 

CO 

• 

X 

0 

/ 

// 

H. 

0 

/ 

// 

M 

f 

/' 

'// 

I 

0 

1 2 

1 1 

27, 

S. 

If 

f’l 

//// 

2 

0 

24 

22 

53| 

— 

3 

1 

6 

34 

20 

I 

0 

30 

29 

4 

I 

18 

45 

47 

2 

I 

0 

57 

5 

2 

0 

57 

»3 

3 

I 

31 

26 

6 

2 

*3 

8 

40 

4 

2 

I 

54 

7 

2 

25 

20 

7 

5 

2 

32 

23 

8 

3 

7 

3J 

34 

6 

3 

2 

52 

9 

3 

J9 

43 

0 

7 

3 

33 

20 

10 

4 

I 

54 

27 

8 

4 

3. 

49 

II 

4 

14 

5 

U 

9 

4 

34 

i8 

12 

4 

26 

17 

20 

10 

5 

4 

46 

J3 

5 

8 

28 

47 

1 1 

5 

35 

15 

H 

5 

20 

40 

14 

1 2 

6 

5 

43 

6 

2 

51 

40 

*3 

6 

3^ 

1 2 

i6 

6 

15 

3 

7 

H 

7 

6 

4* 

I? 

6 

27 

H 

34 

15 

7 

37 

9 

i8 

7 

9 

26 

0 

16 

8 

7 

38 

19 

7 

21 

37 

27 

17 

8 

38 

6 

20 

8 

3 

48 

54 

18 

9 

8 

35 

21 

8 

16 

0 

21 

19 

9 

39 

4 

22 

8 

28 

1 1 

47 

20 

to 

9 

32 

23 

9 

10 

23 

14 

2 1 

10 

40 

I 

-24 

9 

22 

34 

41 

22 

1 1 

10 

30 

25 

10 

4 

46 

7 

23 

II 

40 

■58 

26 

10 

1 6 

57 

34 

24 

12 

1 1 

27 

27 

10 

29 

9 

1 

25 

1 2 

41 

55 

28 

1 1 

1 1 

20 

27 

26 

13 

12 

24 

29 

1 1 

23 

31 

54 

27 

13 

42 

53 

30 

0 

5 

43 

21 

28 

H 

J3 

21 

31 

0 

17 

54 

47 

29 

H 

43 

50 

32 

I 

0 

6 

15 

30 

15 

H 

18 

1 

Lunation 

zr  29*^  12^ 

44“ 

3‘  6^^ 

21^ 

I  Moon  from  fun. 


M. 

/ 

'! 

n 

S. 

// 

Iff 

"n 

Th. 

/// 

//// 

V 

31 

15 

44 

47 

32 

16 

'5 

16 

33 

16 

45 

44 

34 

17 

16 

13: 

35 

17 

46 

42 

36 

18 

*7 

iO 

37 

1 8 

47 

39’ 

38 

19 

18 

7; 

39 

19 

48 

361 

40 

20 

*9 

5 

41 

20 

49 

33' 

42 

2 1 

20 

2 

43 

21 

50 

31 

44 

22 

20 

59- 

45 

22 

51 

28 

46 

23 

21 

56; 

47 

23 

52 

25^ 

48 

24 

22 

54 

49 

24 

53 

22: 

50 

25 

23 

54 

51 

25 

54 

19 

52 

26 

24 

48 

53 

26 

55 

*7/ 

54 

27 

25 

45 

55 

27 

56 

14 

5<^ 

28 

26 

43 

57 

28 

57 

!  I 

5^ 

29 

27 

40' 

59 

29 

58 

8 

60 

30 

28 

37 

In  ieap-years,  after  February,  a  day  and  its  motion  mull  be 
added  to  the  time  for  which  the  moon’s  mean  dillance  from  the 
fun  is  given.  But,  when  the  mean  time  of  any  new  or  full  moon 
is  required  in  leap-year  after  February,  a  day  mull  be' fubtradled 
from  the  mean  time  thereof,  as  found  by  the  tables.  In  common 
years  they  give  the  day  right. 


41 6  A  "Table  of  the  futis  tHean  motion  from 


Years 
of  the 
world: 


o 

8 

1 008 
2008 
3008 
3108 
3208 
3308 
3408 

3508 

3608 

3708 

3808 

3908 

4008 

4108 

4208 

4308 

4408 

4508 

5.008 

5708 

5760 

5808 


Christ. 


CO 

X 

o 

o 

tt 

ft 

CJ 

Q> 


1000 


H  c 

-.9 

CJ 

CJ  ^ 

b:  ^ 

o  ®> 

.  -C 

^  o 

'S  2 

-Q  >. 
<u  ^5 
*-> 

00  o 

O 

2-  ci 

H 


4> 

PQ 


500 

400 

3CO 

200 

_ 

I 

lOI 

>  201 
301 

401 

P  501 

^  lOOl 

^  1701 

^  >753 
1801 


rt» 

*-* 


Compleat 

years. 


^  Sun  from  node. 

• 

0 

/ 

// 

^  7 

6 

17 

9 

)  0 

1 1 

4 

55 

^  9 

10 

35 

1 1 

)  6 

10 

5 

28 

3 

9 

35 

44 

7 

24 

32 

46 

0 

9 

29 

48 

4 

24 

26 

49 

9 

9 

23 

5^ 

I 

24 

20 

53 

6 

9 

17 

54 

10 

24 

H 

56 

3 

9 

1 1' 

58 

7 

24 

8 

59 

0 

9 

6 

I 

4 

24 

3 

3 

9 

9 

0 

4 

I 

23 

57 

6 

6 

8 

54 

8 

lO 

23 

51 

9 

9 

8 

36 

18 

4 

23 

*5 

30 

I 

28 

0 

19  - 

8 

25 

44 

44  1 

Sun  from  node.  - 

s 

0 

/ 

Com- 

plcat 

years. 


1 1 

12 

53 

14 

*5 

16 

17 

18 


Sun  from  node. 


// 


CJ  JD 
Oi  GJ 

c  ^0 

c3  G 

^  -u 
<u 

U 

<y  oj 

u. 

cJ  P-, 

QJ 

rG 

C 

T - >  * 

<  ^ 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 


o  IQ  5  23 

I  8  10  47 

1  27  16  10 

2  17  23  53 

3  6  29  16 

3  25  34  40 

4  14  40  3 

5  4  47  46 

5  23  53  9 

6  iz  58  33 


Months 


Mar. 

April 

May 

June 

July 

Aug. 

Sept. 

Oft. 

Nov, 

Dec. 


7 

7 

8 

9 

9 

10 

10 

i  I 
O 

o 

1 

2 

3 

4 

8 

1 

5 

10 

8 

5 

2 

1 1 


2  356 

22  II  39 

II  17  2 

o  22  25 

19  27  49 

9  35  31 

28  40  55 

17  46  18 

6  5>  43 

26  59  24 

23  58  49 

20  c8  13 

17  57 

H  57 

29  54 

14  51 

29  48 

H  45 
29  30  17 

29  o  33 
28  30  50 

28  I  6 


37 

2 

3 
5 

7 

8 


Sun  from  node. 


8 

• 

/ 

// 

0 

0 

0 

0 

I 

2 

1 1 

48' 

2 

I 

16 

39 

3 

3 

28 

27 

4 

4 

37 

57  ' 

5 

6 

49 

45 

6 

7 

59 

M 

7 

9 

1 1 

1 

8 

12 

22 

49 

9 

13 

32 

18 

10 

15 

44 

5 

1 1 

1 6 

53 

34 

This  table  agrees  with  the  old  Jiyle,  until  the  year  1753  i 
and  after  that,  with  the  nen.u. 


I 


the  moon's  afiending  node. 


0 

Sun  from  node. 

Sun  from  node. 

Sun  from  node. 

p 

cn 

• 

s 

0 

/ 

// 

FI. 

0 

/ 

// 

M. 

/ 

tf 

Iff 

‘ 

M 

/ 

// 

/// 

S. 

tf 

'// 

tftf 

I 

0 

I 

2 

19 

S. 

'/ 

/// 

y/// 

Th. 

/// 

V 

28 

vj 

4 

3  “ 

3 

0 

3 

6 

57 

I 

0 

2 

3^: 

31 

I 

20 

3* 

•  4 

0 

4 

9 

16' 

2 

0 

5 

12 

32 

I 

23 

7 

:  5 

0 

5 

M 

36 

3 

0 

7 

48 

33 

I 

25 

43 

6 

0 

6 

^3 

54. 

4 

0 

10 

23 

34 

I 

28 

9 

'  7 

0 

7 

16 

J3 

5 

0 

12 

59 

35 

I 

31 

55 

8 

0 

8 

18 

32 

6 

0 

15 

35 

3^ 

I 

33 

3i 

9 

0 

9 

20 

5E 

7 

0 

18 

I  r 

37 

I 

36 

6 

10 

0 

10 

23 

10: 

8 

0 

20 

47 

38 

I 

^38 

42 

1 1 

0 

1 1 

25 

29: 

9 

0 

23 

23 

39 

I 

41 

18 

:  12 

0 

12 

27 

48 

10 

0 

25 

58 

40 

I 

H3 

■54 

13 

0 

13 

30 

7^ 

1 1 

0 

28 

33 

41 

1 

46 

36 

H 

0 

H 

32 

26' 

1 2 

0 

3^ 

9 

42 

I 

49 

5 

0 

15 

34 

15' 

13 

0 

33 

45 

43 

i 

51 

41 

16 

0 

16 

37 

4: 

0 

3^ 

2 1 

44 

'  I 

54 

17 

•17 

0 

17 

39 

23' 

15 

0 

38 

57 

45 

1 

5^ 

53 

18 

0 

18 

41 

41 

16 

0 

32 

46 

1 

59 

29 

•  ^9 

0 

19 

44’ 

0 

17 

0 

44 

8 

47 

2 

5 

20 

0 

20 

46. 

19 

18 

0 

46 

44 

48 

7f 

4 

41 

21 

0 

21 

48 

38: 

19 

0 

49 

20 

49 

2 

7 

17 

22 

0 

22 

50 

57 

20 

0 

51 

56 

50 

2 

9 

53 

23 

0 

23 

53 

16 

21 

0 

54 

32 

51 

2 

1 2 

29 

24 

0 

24 

55 

35 

22 

0 

57 

8 

52 

2 

15 

5 

25 

0 

25 

57 

54 

23 

0 

59 

43 

53 

2 

1-7 

42 

26 

0 

27 

0 

13 

24 

I 

2 

19 

54 

2 

20 

27 

27 

0 

28 

2 

32: 

25 

I 

4 

55 

55 

2 

22 

53 

28 

0 

29 

4 

5^ 

26 

1 

7 

31 

56 

2 

25 

29 

29 

I 

0 

7 

10 

27 

I 

10 

7 

57 

2 

28 

4 

30 

I 

I 

9 

29 

28 

1 

1 2 

43 

5» 

2 

3^ 

40 

3* 

1 

2 

1 1 

48 

29 

I 

15 

9 

59 

2 

33 

16 

32 

I 

3 

H 

d 

30 

I 

17 

55 

60 

2 

35 

5^: 

In  leap-years,  after  February  add  one  day  and  one  day’s 
motion  to  the  time  at  which  the  fun’s  mean  diilance  from  the 
afcending  node  is  required. 
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